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PREFACE 


These problems chiefiy concern the theoiy" of the operation of 
alternating current machinery, and are such as we gi^e to the 
fourth year students in electrical engineering in this subject. 

In each chapter the problems of a similar nature are grouped 
together, and those of each group are then arranged in the 
approximate order of their difficulty. The groups in each chapter 
follow each other in as logical an order as possible, both from point 
of difficulty and the presentation of the subject. 

In order that this collection of problems may be useful among 
different classes of students a large variety has been included, 
ranging from the very simple to those of considerable difficulty. 
Wherever it is essential the data have been taken from actual 
apparatus. This was possible through the courtesy of two of 
the large manufacturing companies. In some of the problems 
so few data are given that approximate methods of solution 
must be used, but care has been taken to so state them that 
the errors thus introduced need not be large. This lack of data 
is frequently met in practice. 

It has been thought best not to give introductor}" paragraphs 
for each chapter as was done in the preceding volume of prob- 
lems inasmuch as they would have to be of considerable length 
to be of much value. 

The answers to the problems will probably be ready for 
publication in the fall of 1914. They will be available to all 
but undergraduate students at a nominal price. Undergraduate 
students can obtain them only on the recommendation of their 
instructors. 

Waldo V. Lyon. 

Massachusetts Institute of Technology, 

December j 1913. 




CONTENTS 


Chaptee Page 

I. Transformers f9S Problems) 1 

Iron loss, magnetizing current, number of turns, effective resist- 
ance and reactance, copper loss, regulation, efficiency, auto- 
transformer, induction regulator, parallel operation. 

II. SYNCHRoxors Generators (99 Problems) 24 

Generated electromotive force, form factor, harmonics, concen- 
trated and distributed windings, leakage reactance, armature 
reaction, synchronous reactance voltage, regulation-comparison 
of methods, effect of power factor, efficiency, parallel operation, 
hunting. 

III. Synchronous Motors (50 Problems) 52 

Excitation, efficiency, power factor, maximum current, break- 
down, effect of added resistance and reactance, transmission line 
regulation, power factor compensation. 

IV. Induction Motors (SO Problems) 68 

Flux distribution, exciting current, iron loss, winding pitch, 
starting current, torque, speed regulation, breakdown torque, 
effect of added resistance and reactance, Heyland diagram, 
calculation of characteristics, concatenation, induction gen- 
erator, necessary’ synchronous apparatus, calculation of char- 
acteristics. 


V. Rotary Converters (61 Problems) 93 

Voltage ratio, effect of flux distribution, relative outputs, trans- 
former capacities, armature reaction, excitation, series field 
turns, efficiency. 

VI. Polyphase Circuits (75 Problems) 105 


Delta and Y connection, balanced and unbalanced loads, 
neutral current, power measurement with unbalanced loads, 
transformer connections and relative capacities, auto-trans- 
formers, transmission line regulation and efficiency, combined 
efficiency and regulation of generator, line and transformers, 
induction and synchronous motor loads. 

VII. Kon-sinusoidal Waves (44 Problems) 126 

Phase and line voltages, two-phase to three-phase transforma- 
tion, neutral current, pow’er measurement, effect of inductance 
and capacity, cyclic order of voltages, unbalanced loads, trans- 


former connections. 





INTRODUCTION 


The great importance of problem work in the training of stu- 
dents of engineering is now generally recognized. No other work 
so efficiently develops anaMical power and clear, logical think- 
ing, so necessary to success in the engineering profession. Yet 
notwithstanding the importance of problem work in general, the 
first consistent!}" developed book of electrical engineering prob- 
lems was that prepared by Mr. Lyon in 1908, its wide use being 
conclusive evidence of the needs that were felt among both 
teachers and students for such a work, and of the appreciation of 
the importance of the training which it exemplifies. 

It requires a special gift to originate and develop problems 
which shall give sound training in the fundamentals of engineering 
and whose solution shall not only interest the student, but develop 
his intellectual power as well. In general the problems must be 
closely related to engineering practice, graded as to difficulty, 
and must carefully avoid being mere mathematical puzzles. Mr. 
Lyon, as his earlier book also shows, has a most unusual ability in 
the preparation of problems for the electrical engineering field. 

The present collection of problems relating to electrical 
machiner}', more particularly in the field of alternating current 
engineering, has been prepared vdih. the same point of view as 
was Mr. Lyon’s earlier work, and should likemse prove most 
useful to both instructor and student. 

H. E. Clifford. 

Harvard University, 

December j 1913. 




PROBLEMS IN ALTERNATING 
CURRENT MACHINERY 

CHAPTER I 
TRANSFORMERS 

!• The iron loss in a reactor is 240 watts of which 48 watts is 
due to eddy currents. If the amount of iron in the magnetic 
circuit were doubled by doubling the cross-section of the core, 
what would be the iron loss for the same impressed voltage and 
frequency? Neglect the resistance drop. 

2. The iron loss in a reactor is 312 watts of which 86 watts is 
due to eddy currents. If a similar reactor were constructed in 
which laminations of twice the thickness were used, what would 
be the iron loss for the same impressed voltage and frequency? 
Neglect the resistance drop. 

3. When 110 volts at 30 cycles is impressed on a reactor the 
iron loss is 276 watts of 'which 204 watts is due to hysteresis. If 
the impressed voltage and frequency are both doubled what will 
be the iron loss? Neglect the resistance drop. 

4 . When 110 volts at 60 cycles is impressed on a reactor, the 
iron loss is 248 watts of which 25 per cent, is due to eddy currents, 
(a) What will be the iron loss when 220 volts at 60 cycles is 
impressed on the reactor? (b) What will be the iron loss when 
110 volts at 30 cjxles is impressed on the reactor? Neglect the 
resistance drop. 

5. A reactor has two electric circuits having the same number 
of turns which may be connected in series or in parallel. When 
they are connected in series across 220-volt, 60-cycle mains the 
iron loss is 326 watts, of which 89 watts is due to eddy currents. 
What will be the iron loss if the coils are connected in parallel 
across the same mains? Neglect the resistance drop. • 

6. With 425 volts at 25 cycles impressed on the low-tension 
winding of a transformer 2500 watts is supplied at no load. If 
the frequency of this impressed voltage is increased to 40 cycles 

1 
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without changing its root-mean-square value or form factor, 2020 
watts is supplied at no load. What is the division between the 
eddy current and hysteresis losses at 25 cycles? 

7. With 440 volts at 50 cycles impressed on the low-tension 
winding of a transformer 641 watts is supplied at no load. If 
the frequency and voltage are each reduced 50 per cent, without 
changing the form factor 278 watts is supplied at no load. 
What is the division between the-eddy current and hysteresis 
losses at 50 cycles? 

8. With 440 volts at 60 cycles impressed on the low-tension 
winding of a transformer 371 watts is supplied at no load. If the 
voltage is reduced 50 per cent, without changing the frequency or 
the form factor 114 watts is supplied at no load. What is the di- 
vision between the eddy current and h3"steresis losses at 440 volts? 

9. If a simple harmonic electromotive force of 2200 volts at 
60 cycles is impressed on the low-tension winding of a transformer 
the core loss is 940 watts, 23 per cent, of which is due to eddy 
currents, (a) i;\Tiat will be the core loss if an electromotive 
force of the same effective value and frequency but with a form 
factor of 1.05^ is impressed on the low-tension winding? (b) 
What will be the core loss if an electromotive force of the same 
effective value and frequency but with a form factor of 1.2 Ms 
impressed on the low-tension winding? 

10. The magnetic circuit of a transformer has a mean length 
of 77.3 in. and an average cross-section of 34.4 sq. in. The 
low-tension winding has 399 turns. Find the core loss, the no- 
load current, and the power factor at no load when 2300 volts at 
60 cycles is impressed on the low-tension winding. The curve of 
core loss at 60 cycles and flux density, and the B-H curve are 
given by the data on the following page: 

11. A magnetic circuit has a mean length of 69.5 in. and an 
average cross-section of 30.0 sq. in. It is wound with a coil of 
94 turns. A constant voltage of 440 volts at 50 cycles is im- 
pressed on this coil. How long an air-gap would it be necessary 
to cut in the magnetic circuit in order that the coil would take a 
current 20 times as great? What is the power factor before and 
after cutting the air-gap? Xeglect the resistance of the coil and 
use the*nagnetic data given in problem 10. Assume that the core 
loss at 50 cycles is 80 per cent, of the loss at 60 cycles. 

^ Flat topped, 

* Peaked. 
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Ordinates 

Absei.«sae 

Flux density 
Kilolines per sq. in. 

Magnet iziiisr force 

10 1-* 

Core loss at 60 cycles 
Watts per cu. in. 

40.0 

2.0 

0.132 

53.0 

3.0 

0.200 

61.0 

4.0 

0.262 

67.0 

5.0 

0.300 

73.6 

7.0 

0.352 

SO.O 

i 10.0 

i 0.400 

86 .0 

15.0 

0.457 

89.6 

20.0 

0.490 


This data is for a good grade of sheet steel. 

For ail of the problems to which this data applies assume that at the 
'working flux density the joints in the magnetic circuit require 75 additional 
ampere turns. 

12. The magnetic circuit of a oOQO-kv.-a. transformer has a 
mean length of 140 in. and an average cross-section of 613 sq. 
in. The number of turns in the high-tension winding is such that 
with the rated voltage of 52,000 volts at 50 cycles impressed on 
this winding, 17,500 watts is supplied at no load. How many 
turns has the high-tension winding? What are the no-load cur- 
rent and power factor? Use the magnetic data given in problem 
10. Assume that the core loss at 50 cycles is 80 per cent, of the 
loss at 60 cycles. 

13. If the transformer described in problem 12 is connected to 
a 66,000-volt, oO-cycle circuit, what will be the no-load current 
and power? 

14. The magnetic circuit of a lOOO-kv.-a. transformer has a 
mean length of 95 in. and an average cross-section of 278 sq. in. 
This transformer is designed to operate from a 66,000-volt, 
60-cycle circuit. If the maximum flux density is to be 70,000 
lines per square inch how many turns should the high-tension 
winding have? What are the no-load current and power? Use 
the magnetic data given in problem 10. 

15. ^ At no load a 500~kv.-a. transformer takes a current of 

^Assume that the original flux density is 70 kilolines per sq. in., and that 
the relation between the flux density and the permeability for this quality 
of iron is expressed by: 

102 -0.017m 

between B equals 45 kilolines and B equals 95 kilolines per sq. in. In prob- 
lems where this applies the effect of the joints in the magnetic circuit will 
be neglected. 
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3.35 amperes and a power of 2960 watts, when the voltage 
impressed on the high-tension side is 11,000 volts at 60 cycles. 
What current and power ^ill this transformer take at no load if 
12,700 volts at 60 cycles is impressed on the high-tension winding? 
Assume that the core loss varies as the 1.7 power of the flux 
density. 

16. ’ A 50-kv.-a. transformer takes a current of 0.1 ampere and 
a power of 641 watts at no load when 30,000 volts at 50 cycles is 
impressed on the high-tension 'wdnding. What current and power 
will this transformer take at no load if 30,000 volts at 60 cycles is 
impressed on the high-tension winding? Assume that the core 
loss varies as the 1.3 power of the frequency and the 1.7 power of 
the flux density. 

17. The resistance to direct current of a reactor which has a 
laminated magnetic circuit is 0.2 ohm. When 110 volts at 60 
cycles is impres.sed on this reactor the current is 10 amperes and 
the power is 550 watts. What are the apparent resistance and 
reactance of the reactor? What is the actual inductance of the 
reactor at this voltage and frequency? 

18A When 110 volts at 60 cycles is impressed on a reactor 
which has a laminated magnetic circuit it absorbs 500 watts. At 
this time the inductance of the reactor is 25 mil-henrys and the 
resistance is negligibly small, (a) What are the current and 
power factor? What are the apparent resistance and reactance 
of the reactor? (b) If 146 volts at 60 cycles is impressed on 
this reactor w^hat will be the current and power factor? What 
will be the apparent resistance and reactance of the reactor? 
Assume that the iron loss varies as the 1.7 power of the flux 
density. 

19. A reactor with a laminated magnetic circuit has a negligibly 
small resistance to direct current. When 110 volts at 25 cycles 
is impressed on this reactor the current is 20 amperes and the 
poiver is 1000 watts. If a veiy^ small air-gap is cut in the mag- 

^ Assume that the orignal flux density is 70 kilolines per sq. in., and that 
the relation between the flux density and the permeability for this quality 
of iron is expressed by: 

S=102--0.017/i 

between B equals 45 kilohnes and B equals 95 kilolines per sq. in. In prob- 
lems where this applies the effect of the jdints in the magnetic circuit will 
be neglected. 
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netic circuit the current becomes 100 amperes. By what amount 
are the apparent resistance and reactance of the reactor changed 
by the introduction of the air-gap? 

20. A reactor with a laminated magnetic circuit has a resistance 
to direct current of O.o ohm. When 110 volts at 60 cycles is 
impressed on this reactor the apparent resistance and reactance 
are 2 . 0 ohms and 4.0 ohms respectively. What is the actual in- 
ductance of the reactor at this voltage? 

21. At no load with 220 volts at 60 cycles impressed on a 
transformer the ratio of eddy current loss to hysteresis loss is 
1 : 3. What is this ratio if 220 volts at 50 cycles is impressed on 
the transformer? 

22. At no load with 220 volts at 60 e^'cles impressed on a 
transformer the ratio of eddy current loss to hysteresis loss is 1:3. 
What is this ratio if 110 volts at 60 cycles is impressed on the 
transformer? 

23. At no load with 110 volts at 60 cycles impressed on a trans- 
former the current is 1.3 amperes and the power is 52 watts. 
What vill be the no-load current and power taken by a trans- 
former similar to this in ever\^ particular, except that the cross- 
section of the magnetic circuit is double, when 220 volts at 60 
cycles is impressed on it? 

24. At no load with 110 volts at 30 cycles impressed on a trans- 
former the current is 1.2 amperes and the power is 53 watts, of 
which 14 watts is dissipated in eddy currents. What will be the 
current and power at no load if 220 volts at 60 cycles is impressed 
on this transformer? 

25. The high-tension winding of a transformer consists of two 
coils w'hich ma}" be connected in series or in parallel. When 
these coils are connected in series across 2200 volts at 60 cycles 
the current is 0.30 amperes and the power is 140 w^atts on open 
circuit. What is the no-load current and power if the coils are 
connected in parallel across 1100 volts at 60 cycles? 

26. ^ In problem 25 what is the no-load current and power when 
the coils are connected in parallel across 1550 volts at 60 cycles? 

^ Assume that the original flux density is 70 kilolines per sq. in., and that 
the relation between the flux density and the permeability for this quality 
of iron is expressed by: 

B = 102-0.017j!£ 

between B equals 45 kilolines and B equals 95 kilolines per sq. in. In prob- 
lems where this applies the effect of the joints in the magnetic circuit will 
be neglected. 
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Assume that the core losses vary as the 1.7 power of the flux 
density. 

27. The high-tension winding of a transformer consists of 
two coils which may be connected in series or in parallel. When 
these coils are connected in parallel across 22,000 volts at 60 
cycles the no-load current is 0.077 amperes and the power is 371 
watts, 2S per cent, of which is eddy current loss. What are the 
noload current and power when the coils are connected in series 
across 22,000 volts at 30 cycles? 

28. At no load, with. 460 volts impressed on the primary of a 
transformer, the current is 0.94 ampere and the power is 122 
watts. Another transformer is similar to this one except that 
the primary winding has twice as many turns and the cross-sec- 
tion of the magnetic circuit is one-half as great. What no-load 
current and power will this transformer take with 460 volts im- 
pressed on its primary winding? 

29. In a transformer having a ratio of transformation of Ni:]Sr 2 
the windings are so designed that the current densities in the 
primaiy’ and secondarj" are the same. What is the ratio of pri- 
mary" to secondar}" resistance if both windings have the same 
mean length per turn? TVTiat is this ratio if the mean length 
per turn of the primary" is 15 per cent, greater than that of the 
secondar}’? (b) If the current density in the primary had been 
15 per cent, greater than in the secondary what would have 
been this ratio of the resistances if the windings had the same 
mean length per turn? 

30. In a transformer having a ratio of transformation of Ni : ]Sr 2 
the windings are so designed that the heating losses in the pri- 
mary and secondary are the same. What is the ratio of primary 
to secondarj” resistance if both windings have the same mean 
length per turn? What is this ratio if the mean length per turn 
of the primary" winding is 15 per cent, greater than that of the 
seeondar}^? (b) If the heating loss in the primary had been 15 
per cent, greater than in the secondary what would have been 
this ratio if both windings had the same mean length per turn? 

31. What effect wnll be produced on the iron losses of a trans- 
former and on the kilowatt rating, on the basis of the same total 
losses, by doubling the number of turns in the primary and secon- 
dary-’- -fundings and halving the cross-section of the wires: first, 
when the impressed voltage is doubled; and second, when the 
impressed voltage is unchanged and the cross-section of the mag- 



TRANSFORMERS 


7 


netic circuit is halved? Assume that originally the iron and 
copper losses are equal. 

32. In a given transformer the ratio of the iron losses to the 
copper losses at full load is 0.7. Another transformer with the 
same rating has a magnetic circuit of the same length but of 25 
per cent, greater cross-section, due to which the mean length of 
one turn of the winding is 10 per cent, greater. Both transformers 
are wound with the same size vare. The second transformer 
is designed so as to have the same maximum flux density as the 
first. What is the ratio of the total losses at full load, and what 
is the ratio of the iron losses to the copper losses in the second 
transformer at full load? Compare the amounts of copper in 
the two transformers. Both transformers are designed for the 
same voltage. 

33. Two transformers have identical magnetic cores and the 
same rated output Both are wound for the same voltage but in 
the first the iron losses are 25 per cent, greater than in the second 
due to a higher flux density. In the first transformer the ratio of 
the iron losses to the copper losses at full load is 0.7. Both 
transformers have the same size of wire in their windings, but the 
mean length of one turn is 5 per cent, greater in the second than in 
the first. What is the ratio of the iron losses to the copper losses 
at full load in the second transformer? What is the ratio of the 
total losses at full load in the two transformers? Compare the 
amounts of copper in the two transformers. Assume that the iron 
losses vary as the 1.7 power of the flux density. 

34. Two transformers have identical magnetic cores and the 
same rated output. Both are 'wound for the same voltage but the 
first has 15 per cent, more turns in all of its coils than the second, 
due to which the mean length of one turn is 5 per cent, greater in 
the first. The windings of each are of the same size wire. Assume 
that the iron losses yslij as the 1.7 power of the flux density. 
The ratio of the iron losses to the copper losses at full load is 0.7 
in the first transformer. What is the ratio of the iron losses to 
the copper losses at full load in the second transformer? What is 
the ratio of the total losses at full load in the two transformers? 

35. In a given transformer the ratio of the iron losses to the 
copper losses at full load is 0.75. Another transformer with the 
same radiating capacity has a magnetic core of the same length 
but with a cross-section 15 per cent, larger. The winding of the 
second transformer is designed so that the iron losses are one- 
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third greater than the iron losses of the first. The same size of 
wire is used in winding both transformers but the mean length 
of one turn is 5 per cent, greater in the second on account of the 
larger magnetic core. Assume that the iron losses vary as the 
1.7 power of the flux density. Both transformers have the same 
voltage rating. The first transformer has a full-load capacity of 
100 kw. and a full-load efficiency of 97.9 per cent, at unit power 
factor. On the basis of the same total losses what should be the 
full-load rating of the second transformer? What is the ratio 
of the iron losses to the copper losses at full load in the second 
transformer? 

36. Three equal 10 to 1 transformers, each of 100 kv.-a. 
capacity, are arranged with both the primaries and secondaries 
in Y to receive power from a 3-phase, 2200-volt circuit. The 
losses in each transformer at full load are 1960 tvatts of which 940 
are core losses. If these transformers are connected in delta to 
this circuit, what power will they deliver vdthout exceeding their 
full-load heating losses? Assume that the iron losses vary as 1.7 
power of the flux density. 

37. The name plate of a transformer gives the following 
data: 100 kv.-a., 6600: 220 volts, 25 cycles. The percentage 
distribution of the losses at full load is: copper loss, 1.0 per cent.; 
eddy current loss, 0.3 per cent.; hysteresis loss 0.8 per cent. If 
the insulation of the transformer wall safely stand double volt- 
age w'hat should be its rating on the basis of the same total 
heating losses when taking power from an 11,000-volt, 50-cycle 
circuit? 

38. The name plate of a transformer gives the following data: 
500 kv.-a., 13,200 : 400 volts, 50 cycles. At full load the copper 
loss is 4600 watts and the iron loss is 2800 watts. Of the latter 22 
per cent, is due to eddy currents. If this transformer is to receive 
power from an 11,000-volt, 60-cycle circuit what should be its 
full-load rating on the basis of the same total heating losses? 

39. A 10-kw. lighting transformer takes 122 watts on open 
circuit and 178 watts on short circuit with full-load current in the 
windings. This transformer is connected to the supply circuit 
continuous^. It delivers its rated load, however, during but 6 
hours each day and is idle the remaining 18 hours. What is the 
ali-day efficiency? 

40. A l(K)-kv.-a. transformer supplies a lighting and power 
load. The iron loss is 1010 watts and the copper loss is 1004 watts 



TRANSFORMERS 


9 


with full-load current. This transformer is connected to the 
supph" circuit continuously. During 7 hours the load is 60 kw. 
at 0.75 power factor, and for the remaining 3 hours of the work- 
ing day the load is 80 kw. at 0.83 power factor. The rest of the 
time no load is supplied. What is the all-da^" efficiency? 

41 . A 500-kv.-a. power transformer is connected to the supply 
circuit for 12 hours each day. The iron loss is 3330 watts and 
the copper loss is 4680 watts with full-load current. During 5 
hours it delivers 400 kw. at 0.80 power factor and during 4 hours, 
250 kw. at 0.75 power factor. The remaining hours it is idle. 
What is the all-day efficiencj'? 

42. ^ The magnetic core of a transformer has a mean length of 
77.3 in. and a cross-section of 34.4 sq. in. How many turns 
should there be in the high-tension i;\dnding if the applied voltage 
is 22,500 volts at 60 c^xles? The maximum fiux density to be 
used is 63,000 lines per square inch, at which the permeability of 
the iron is 1600. The core loss per cubic inch of iron at this flux 
density and frequency is 0.364 watts. What are the no-load 
high-tension current and power factor? 

43. ^ The magnetic core of a 25-kv.-a. transformer has a cross- 
section of 17.5 sq. in. and an average length of 57.5 in. The 
high-tension winding is designed for an impressed voltage of 
22,000 volts at 60 cycles and for a maximum flux density in the 
magnetic circuit of 70,000 lines per square inch. At this flux 
density the permeability is 1860 and the iron loss is 0.37 watts 
per cubic inch. How many turns should there be in the high- 
tension winding? What are the no-load current and power 
factor? 

44. ^ A small experimental transformer has a magnetic circuit 
with a net cross-section of 3.4 sq. in. and a mean length of 22.5 
in. Assume that the permeability of the iron is 1800. There are 
four coils, each of which has 232 turns, and a resistance of 0.23 
ohm. (a) If all of the coils are connected for a 2 :1 ratio of trans- 
formation w'hat is the magnetizing component of the no-load 
current when 220 volts at 60 cycles is impressed on the primary? 
(b) If the eddy current and hysteresis losses are 50 watts what 
is the no-load current? (c) What is the efficiency of this trans- 
former when the secondary delivers 20 amperes at 110 volts and 
100 per cent, power factor? 

^ Assume that at this flux density 75 additional ampere turns are required 
because of the joints in the magnetic circuit. 
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Tli A N'H FORMER DATA, 


VoUase Turns Magnetic circuit 


Nd. 

Kv.-oi. 

Typ*? 

Cyr-A-S 

H.T. 

L.T. 

H.T. 

L.T. 

Area 
sq. in. 

Av. length 
in. 

A 

5') 

Cr^re 

OU 

22.500 

2,300 



34.4 

77.31 

B 

WU 



i 1,000 

2,200 

900 

ISO 

60 

47 

C 


Core 

CO 

11,000 

2,300 



SS.25 

' 131 

D 


Shell 

25 

13,200 

425 

55S 

IS 

276 

68 

E 


.Shfcril 

CO 

32,400 

11,500 



372 

86.8 

F 

3,333 

Shell 

CO 

55,000 

G,C00 

733 

ss 

348 

92.8 


46.^ (a) How mam' turns should there be in the high- and 
low-tension windings in order that the maximum flux density 
shall be 69,000 lines per square inch in transformer No. A? What 
is the core loss? What is the ratio of the no-load current to the 
full-load current? Tse the magnetic data given in problem 10. 
(b) How many turns should there be in the high- and low-tension 
windings in order that the maximum flux density shall be 69,000 
lines per scjuare inch in transformer No. C? What is the core loss? 
What is the ratio of the no-load current to the full-load current? 
Use the magnetic data given in problem 10. (c) How many 

turns should there be in the high- and low-tension windings in 
order that the maximum flux density shall be 69,000 lines per 
square inch in transformer No. E? What is the core loss? What 
is the ratio of the no-load current to the full-load current? Use 
the magnetic data given in problem 10. 

46A (a) What are the no-load current and core loss in trans- 
former No. B? Use the magnetic data given in problem 10. (b) 
T\Tiat are the no-load current and core loss in transformer No. D? 
Use the magnetic data given in problem 10. (c) What are the 

no-load current and core loss in transformer No. F.? Use the 
mi^netic data given in problem 10. 


TRANSFORMER DATA 


No. Kv.-a. 

Type 

Cycle> 

"V'cltage Turns 

Magnetic circuit 

Open circuit 

H.T. L.T. H.T. 

L.T. 

Area 
sq. in. 

1 Av. 

; length 
j in. 

Watts 

Volt> 

amps. 

G 54» 

Shell 

CO 

12,700 : 2,300: 37G , 

68 

170 

j 66.4 

3,330 

25,800 

H 1.000 

Shell 

CO 

CC.SXlO : 6,000 1,240 i 

124 1 

278 

95 

9,300 

60,000 

I : 5,tm 

Shell 

50 

52,000 33,000 ; 529 I 

336 ^ 

613 

140 1 

17,500 

146,000 


47.^ (a) What are the maximum flux density, the permeability, 
and the iron loss in W'atts per cubic inch for transformer No. G? 
(b) What are the maximum flux density, the permeability, and 

^ Assume that at this flux density 75 additional ampere turns are required 
because of the joints in the magnetic circuit. 
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the iron loss in watts per cubic inch for transformer Xo. H? 
(c) What are the maximum flax density, the permeability, and 
the iron loss in watts per cubic inch for transformer Xo. I? 

48 . A 100“kv.-a., 11,000 :2200-voit, 60-C3"cle transformer has 
primsLTy and secondary' resistances of 6.0 ohms and 0.24 ohm 
respectivety, and primarj" and secondar\" leakage reactances of 
16 ohms and 0.64 ohm respective^. What is the maximum per- 
centage change that can occur in the mutual flax from no-load to 
full-load current? At what power factor would this occur? 
Xeglect the no-load current. 

49 . A 500-kv.-a., 11,000 : 2300-volt, 60-cycle transformer has 
primar}" and seeondar}- resistances of 0.81 ohm and 0.0358 ohm 
respective!}", and primary" and secondar}" leakage reactances of 
3-7 ohm and 0.162 ohm respective!}-. With the low-tension wind- 
ing short circuited what voltage should be impressed on the high- 
tension winding so that the current will have its full-load value? 
Xeglect the no-load current. 

60 . A 7.5-kv.-a., 2080 : 208-volt, 60-cycle transformer has the 
following constants: 

Ti = 7.53 ohms Xi = 14.2 ohms 

rn = 0.0662 ohm X 2 = 0.128 ohm 

The core loss with 208 volts impressed on the secondar}^ is 200 
watts. Xeglect the exciting current, (a) What is the regula- 
tion of this transformer for full-load current at 0.8 power factor? 
(b) What is the efficiency of the transformer for this load? 

61 . A 50-kv.-a., 30,000 : 440-volt, 50-cycle transformer has the 
following constants: 

fi = 120 ohms ri =428 ohms 

fo = 0.0258 ohm X 2 = 0.092 ohm 

The iron loss at the rated voltage is 641 watts. Xeglect the 
exciting current, (a) What is the regulation of this trans- 
former for a load of 40 kw., at 0.75 power factor? (b) What is 
the efficiency of the transformer for this load? 

62 . A 500-kv.-a., 13,200 : 425-volt, 25-cycie transformer has 
primar}" and secondary" resistances of 1.6 ohms and 0.00166 ohm 
respectively, and primary" and secondary leakage reactances of 
14.5 ohms and 0.0151 ohm respectively. At no load with 425 
volts impressed on the low-tension winding the power is 2.5 
kw, and the kilovolt-amperes are 16.0. Xeglect any change in 
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the exciting current with change in the load. Calculate (a) the 
regulation and (bj the efficiency of this transformer when 400 
kw. i.s supplied to the high-tension winding at 13,200 volts and 
0.75 power factor. U.se the complete transformer diagram in the 
solution of this problem, (c) Calculate the regulation and effi- 
ciency of this transformer for the same load on the assumption 
that the no-load current is negligible and that the core losses are 
constant. 

63. The following data are given concerning a lOOO-kv.-a., 
66.000 : 6600-volt, 60-cycle transformer: 

Xoload Short-circuit 


Current 9.1 15.15^ 

Voltage 6600 3240 

Power 9300 7490 


Assume that the priman" and sceondarj^ resistances are equal 
when reduced to the same side and that the primary and secon- 
dary’ leakage reactances are similarly equal. Assume that the 
magnetizing current varies as the generated voltage and that the 
core loss varies as the square of this voltage. 

Calculate fa) the regulation and (b) the efficiency when the 
secondary’ delivers full-load current at 0.80 power factor and a 
terminal voltage of 6680 volts, (c) Calculate the regulation and 
efficiency of this transformer for the same load on the assumption 
that the no-load current is negligible and that the core losses are 
constant. 


TRANSFORMER DATA 


No. 

Kv.’-s. 

Type 

Cycles 

V oltage 

Open 

circuit 

1 Short circuit 

H.T. L.T. ; 

Watts 

Volt- 

amperes 

! 1 

Volts 

Amperes^ Watts 

J 

25 

Core 

60 

22.000 ; 440 

371 i 

1,700 

1,020 

1.136 

351 

K 

50 

Core 

50 

30,000 j 440 

641 

3,000 

1,360 1 

1.665 

665 

B 

100 

Shell 

so 

jll.OOO 2,200 

940 ! 

3,750 

310 

9.1 

1,000 

C 

500 

' Core 1 

60 

41,000 , 2,300 ! 

2.960 1 

7,710 

345 

45.5 

3,375 

D 

500 

1 Shell ; 

25 

13,200; 425 1 

1 2,500 ! 

16,000 ■ 

1,100 

37.9 

4,600 

H 

1,000 

; SheH i 

so 

66,000 ' 6,600 

1 9,300 

60,000 

3,240 

15.15 

7,490 

F 

3,333 

Shell 

SO 

‘55.000 i 6,600 

13,940 

161,000 

2,350 

60.6 

18,850 

I 

5,000 

, Shell '' 

50 

52,000 33,000 

17.500 

146,000 1 

1,800 

151.5 

; 27,000 


M. Calculate (a) the regulation^ and (b) the efficiency of the 
transformer No. J for a load of 22 kw. at 0.85 power factor and 
rated voltage. 

‘ Full-load current. 

® Neglect the exciting current. 
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65. Calculate (a) the regulation^ and (bj the efficiency of the 
transformer No. K for a load of 40 kw at 0.78 power factor 
and rated voltage. 

56. Calculate (a) the regulation^ and (b) the efficienc}" of the 
transformer No. B for a load of 100 kw. at 0.90 power factor and 
rated voltage. 

57. Calculate (a) the regulation^ and (b) the efficiency of the 
transformer No. C for a load of 460 kw. at 0.91 power factor 
and rated voltage. 

58. Calculate (a) the regulation^ and (b) the efficiency of the 
transformer No. D for a load of 500 kw. at 0.93 power factor 
and rated voltage. 

59. Calculate (a) the regulation^ and (b) the efficiency of the 
transformer No. H for a load of 1100 kw. at unit power factor and 
rated voltage. 

60. Calculate (a) the regulation^ and (b) the efficiency of the 
transformer No. F for a load of 3500 kw. at unit power factor 
and rated voltage. 

61. Calculate (a) the regulation^ and (b) the efficiency of the 
transformer No. I for a load of 5100 kw. at 0.92 
power factor and rated voltage. 

62. The resistance of the high-tension wind- 
ing (a-c) of a 2:1 autotransformer is 0.072 ohms 
and that of the low-tension winding (b-c) is 0.035 
ohms. The leakage reactance of the low-tension 
winding is 0.106 ohm and that of the remaining 
portion of the binding (a-b) is 0.108 ohm. If 
an electromotive force of 12 volts at the rated 
frequency is impressed on the high-tension winding and the low- 
tension winding is short-circuited what will be the current and 
power taken from the line? 

63. The resistance of the high-tension winding (a-c) — see 
Fig. 1 — of a 25-kv.-a., 550 : 110-volt, auto-transformer is 0.0682 
ohm and that of the low-tension winding (b-c) is 0.0042 ohm. 
The leakage reactance of the winding (a-5) is 0.214 ohm and that 
of the low-tension winding is 0.0132 ohm. If the winding (a-b) 
is short-circuited wffiat percentage of the rated voltage should 
be applied to the low^-tension winding (b-c) in order that full- 
load current should exist in the windings? What power wmuld be 
supplied? 

^ Neglect the exciting current. 
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64. The resistafiee of the high-tension winding (a-c) — see Fig. 
1 — of a 50-kv,-a.. 440:110-volt auto-transformer is 0.02156 ohm 
and that of low-tension winding (6-c) is 0.00216 ohm. The 
leakage reactance of tlie winding (a-h) is 0.068 and that of the 
low-tension winding is 0.00T56 ohm. If the high-tension wdnding 
is short-circuited* what voltage should be impressed on the low- 
tension winding in order that there will be full-load current in 
the windings? What power would be supplied? 

65. Calculate the regulation of the auto-transformer described 
in problem 63 for a load of 22 kw. at 0.80 potcer factor on the 
low-tension side. If the core loss at the rated voltage is 288 
watts what is the efficiency of the transformer at this load? 

66. Calculate the regulation of the auto-transformer described 
in problem 64 for a load of 46 kw. at 0.87 power factor on the 
low-tension side. If the core loss is 512 watts at the rated 
voltage what is the efficiency of the transformer at this load? 


AUTO-TRAXSFORMER DATA 



Kv.-a. 

Voltage 


Short circuit 


i Core loss at 
rated veltage 

Watts 

! Current^ ; 

Volts I 

A 

10 

155:110 

lOS 

64.5 1 

7.2 

1 122 

B 

20 

440-220 

320 

45.0 1 

20.2 

1 264 

C 

25 

600:220 

340 

37.9 

29.0 

371 

D 

50 

550:110 

620 

91.0 1 

25.0 

664 

E 


6,6(X);440 

940 

15.15 i 

275.0 

9S0 

F 

5i .H’j 

ll.fX>0:330 

3,S50 

45.5 i 

460.0 

2.9S0 


67. Calculate the regulation of the auto-transformer No. A for 
a load of 10 kw. at unit power factor on the low^-tension side. 
What is the efficiency of the transformer at this load? 

68. Calculate the regulation of the auto-transformer No. B 
for a load of 16 kw'. at 0.78 powder factor on the high-tension side. 
What is the efficienct' of the transformer at this load? 

69. Calculate the regulation of the auto-transformer No. C 
for a load of 22 kw. at 0.80 power factor on the high-tension 
side. What is the efficiency of the transformer at this load? 

70. Calculate the regulation of the auto-transformer No. D. 
for a load of 55 kw. at unit power factor on the low-tension side. 
What is the efficiency of the transformer at this load? 

71. Calculate the regulation of the auto-transformer No. E 
for a load of 93 kw. at 0.87 power factor on the low-tension side. 
What is the efficiency of the transformer at this load? 

^ The low-tension winding is short-circuited and voltage is applied to the 
high-tension winding so that there is full-load current in the windings. 
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72. Calculate the regulation of the auto-transformer Xo. F for 
a load of 510 kw. at 0.90 power factor on the low-tension side. 
What is the efficiency of the transformer at this load? 

73. If the high-tension winding of the auto-transformer Xo.E is 
short-circuited what voltage should be applied to the low-tension 
winding so that there will be full-load current in the windings? 

74. If the high-tension \dnding of the auto-transformer No. F 
is short-circuited what voltage should be applied to the low-ten- 
sion \\dnding so that there wdll be full-load current in the mndings? 

75. An induction regulator is connected in a 2300-volt cir- 
cuit as shown in Fig. 2. With no load on the line and with 2300 
volts impressed on the circuit as shown in the 
figure the voltage measured from a to c is 
2550 volts. If the winding b-c is short-cir- 
cuited and a reduced voltage of 460 volts is 
impressed on the winding a-6, the line current 
in (o-a) is 15 amperes and the power supplied yig. 2. 

is 2.2 kw. (a) When the station supplies 250 
kw. at 0.78 power factor and a voltage of 2300 volts at a-b what is 
the line voltage at a-c? (b) This regulator is adjusted to reduce 
the voltage so that with no load on the line and with 2300 volts 
impressed on the circuit (at a-b) the voltage at a-c is 2050. 
The short-circuit data are unchanged. What is the voltage at a-c 
when the station supplies 300 kw. at a leading power factor of 
0.92 and a line voltage of 2300 volts at a-hf 

76. An induction regulator is connected in a 6600-volt circuit 
as shown in Fig. 2. With no load on the line and with 6600 volts 
impressed on the circuit (at a-b) the voltage measured from a to c 
is 7370 volts. If the winding, 5-c, is short-circuited, and a reduced 
voltage of 1060 volts is impressed on the winding, a-5, the line 
current (in o-a) is 8.6 amperes and power supplied is 4.2 kw. 

(a) When the station supplies 430 kw. at 0.80 power factor and 
a voltage of 6600 volts at a-b what is the line voltage at a-c.^ 

(b) This regulator is adjusted to reduce the voltage so that 
with no load on the line and with 6600 volts impressed on the 
circuit (at a-b) the voltage at a-c is 5850 volts. The short- 
circuit data are unchanged. What is the voltage at a-c when the 
station supplies a line current (in o-a) of 81 amperes at a leading 
power factor of 0.83 and a line voltage of 6600 volts at a-bf 

77. A small experimental transformer has four equal coils 
which may be inter-connected in different ways. In the first case 
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all of the coils are connected to form a regular transformer with a 
ratio of transformation of 2:1, and in the second case they are 
connected to form an auto-transformer with the same ratio of 
transformation. When connected as a regular transformer with 
the low-tension winding short circuited the current, voltage and 
power, measured on the high-tension side are 8 amperes, 52 volts, 
and 59 watts respectively. On open circuit with 220 volts 
impressed on the high-tension side the core loss is 26 watts. 
Assume that the paths of the leakage flux are the same for each 
connection. Compare (a) the regulations and (b) the effi- 
ciencies of this transformer for the two cases given above for a 
load of 1.5 kw. at 0.9 power factor and 110 volts on the low-tension 
side. 

78. Two transformers, one connected as a regular and the 
other as an auto-transformer, have identical magnetic cores and 
the same amount of copper in their bindings. Each of the trans- 
formers gives a ratio of transformation of 330:220 volts, and the 
windings are so designed that the core losses in each are 122 watts 
when 330 volts is impressed on their primaries. The primary and 
secondary resistances of the regular transformer are 0.097 ohm 
and 0.0431 ohm respectively. The resistance of the auto- 
transformer measured on the low-tension side is also 0.0431 ohm. 
The leakage reactance of the primarj^ winding of the regular 
transformer is 0.37 ohm. Assume that all of the windings have 
the same mean length per turn, and that the leakage reactance of 
the coils YRTY as the square of the number of turns, (a) On the 
basis of the same total heating losses, what is the ratio of the out- 
puts of these two transformers? (b) What is the regulation and 
efficiency of each transformer for a load of 10 kw. at 0.87 power 
factor and 220 volts? 

70- Two transformers, one connected as a regular and the 
other as an auto-transformer, have identical magnetic cores and 
the same amount of copper in their windings. Each of these 
transformers gives a ratio of transformation of 330:110 volts and 
the windings are so designed that the core losses of each are 371 
watts when 330 volts is impressed on their primaries. The pri- 
msjry and secondary resistances of the regular transformer are 
0.0306 ohm and 0.0034 ohm respectively. The resistances of the 
auto-transformer measured on the high- and low-tension sides are 
0.017 and 0.0034 ohm respectively. The equivalent leakage 
reactance of the regular transformer referred to the high-tension 
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side is 0.202 ohm. Assume that the leakage reactances of the 
windings vary as the square of the number of turns in them. 

(a) If the high-tension winding of the regular transformer has 
186 turns how many turns are there in each of the other windings 
of the regular and auto-transformer? 

(b) The regular transformer is rated to deliver 25 kw. at 110 
volts. If the losses at full load are the same for both transformers 
what is the kilovolt-ampere rating of the auto-transformer? 

(c) What is the regulation and efficiency of each transformer 
when it is delivering its rated full-load current at 0.83 power fac- 
tor and its rated voltage? 

80 . Two transformers, one connected as a regular, and the 
other as an auto-transformer, have identical magnetic cores and 
the same amount of copper in their windings. Each of these 
transformers gives a ratio of transformation of 550:220 volts and 
the windings are so designed that the volts per turn are the same 
for each. With 25 volts impressed on the high-tension winding 
of the regular transformer and with the low-tension winding 
short circuited the current and power are 91 amperes and 665 
watts. At the rated voltage the core loss in the regular trans- 
former is 641 watts. Assume that the resistances and leakage 
reactances of all of the windings vary as the square of the number 
of turns in them. 

(a) The regular tramsformer is rated to deliver 50 kv.-a. at 
220 volts. If the losses at full load are the same for both 
transformers, what is the kilovolt-ampere rating of the auto- 
transformer? 

(b) What are the regulation and efficiency of each transformer 
when it is delivering its rated full-load power at 0.9 power factor? 

81 . Two transformers, one connected as a regular and the 
other as an auto-transformer, have identical magnetic cores and 
the same amount of copper in their windings. Each of these 
transformers gives a ratio of transformation of 440:110 volts, 
and the windings are so designed that the volts per turn are the 
same for each. With 14 volts impressed on the high-tension 
winding of the regular transformer and with the low-tension wind- 
ing short circuited the current is 227 amperes and the powder is 
1004 Wyatts. The core loss of this transformer at rated impressed 
voltage is 1010 watts. Assxime that the resistances and leakage 
reactances of all of the windings vary as the square of the number 
of tur-ns in them. 
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(a) The regular transformer is rated to deliver 100 kw.-a. at 
110 volts. If the losses at full load are the same for both 
transformers, what is the kilovolt-ampere rating of the auto- 
transformer? 

(b) What voltage should be impressed on the high-tension 
binding of the auto-transformer so that there will be full-load 
current in the short-circuited low-tension winding? 

(c) What are the regulation and efficiency of each transformer 
for full-load current at 0.8 power factor? 

82. A lO-kv.-a. and a 25-kv.-a. transformer, each of which has 
a ratio of transformation of 5:1, have their primaries connected in 
parallel across an 1100-volt circuit. Their secondaries are 
also connected in parallel and supply 152 amperes at 0.84 power 
factor to an induction motor. Referred to the secondary sides 
the equivalent resistances are 0.0865 ohm and 0.0272 ohm 
respectively and the equivalent reactances are 0.143 ohm and 
0.0856 ohm respectively. 

What current does each transformer take from the circuit? 
Compare these currents with their rated full-load values. 

83. The following short-circuit data are given on two 100- 
kv.-a., 1 1,000 :460-volt transformers: 

Type Amperes^ Voltage Watts 

Core 9.1 265 1004 

SheU 9.1 310 1000 

These transformers are connected in parallel on both the high- 
and low-tension sides and supply a load of 186 kw. at 0.93 power 
factor. What percentage of its full-load current does each trans- 
former supply? 

84. The following short-circuit data are given on two trans- 
formers which have a ratio of transformation of 11,000:2300 
volts: 


Kv.-a. 

Type 

Amperes^ 

Volts 

Watts 

100 

Core 

9.1 

265 

1004 

500 

Core 

45.5 

345 

3375 


These transformers are connected in parallel on both the high- 
and low-tension sides and supply a total current of 293 amperes 
at 0.92 power factor on the low-tension side. "What is the current 


^ Fuil-ioad current. 
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in each transformer? Compare the copper losses with their fuil- 
load values. 

85. The following short-circuit data are given on two 500- 
kv.-a.j llj000:2300-volt transformers: 

Type Amperes ^ Voltage Watts 

Core 45.0 345 3375 

Shell 45.0 345 4680 

These transformers are connected in parallel on both the high- 
and low-tension sides and supply a total current of 452 amperes at 
0.95 power factor on the low-tension side. What current does 
each transformer supply? 

86. The following short-circuit data are given on three 
66,000: 6600-volt transformers: 


No. 

Kv.-a. 

. Type 

Amperes^ 

Volts 

Watts 

A 

1 1000^ ' 

! SheU 

15. 15 

3240 

~~7^490 

B 

1 3333 

1 Shell ! 

50.5 

2820 

18,850 

C 

' 5000 

■ Shell : 

75.8 

3600 

27,000 


These transformers are connected in parallel on both their 
high- and low^-tension sides, and supply a load of 9200 kw. at 
a power factor of 0.93 and their rated voltage. Compare the 
division of the total current between the transformers with their 
ratings. 

87. The folloTvdng short-circuit data are given on three 
1 1,000 :460-volt transformers: 


Kv.-a. 1 

Type 

Amperes ^ ; 

Volts 

1 Watts 

100 1 

Core 

I 9.1 j 

265 

1 1004 

500 i 

Shell 

45.5 1 

917 

4600 

500 1 

Core 

45.5 

345 

! 3375 


These transformers are connected in parallel on both the high- 
and low-tension sides, and supply a load of 754 kw. at 0.88 po'wer 
factor and their rated voltages. What current does each trans- 
former supply? Compare the copper loss in each transformer 
with the copper loss at full load. 

88. Consider the transformers, Nos. B and C, described in 
problem 86. The high-tension windings receive power from the 
same 66,000-volt circuit, while the low-tension windings deliver 
power to independent circuits. Each transformer delivers its 

^ Full-load current. 
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rated full-load current, the first at unit power factor and the sec- 
ond at 0.88 power factor. If the low-tension circuits are now 
connected in parallel what is the current in each transformer? 
Compare these currents with their full-load values. 

Assume that the currents taken b}’ the low-tension circuits and 
the power factors at which they operate remain unchanged. 

89. Two 50-kw. transformers are connected in parallel on 
both the high- and low-tension sides. Their constants are given 
in the following table: 


Open-eireuit voltage 

High tension 

Low tension 

High tension 

Low tension 

ri 

Xi 

: 1*2 i 

1 X2 

22..500 

2310 

61.6 

110. 

i 0.661 

1 1.16 

22,400 

2320 

61.6 

110. 

1 0.661 

I 1.16 


They are alike except for the difference in their ratios of trans- 
formation. These transformers supply a combined load of 93 
kw. at 0.89 power factor on the low-tension side at a terminal 
voltage of 2300 volts. What is the current in each transformer? 

90. The following data are given on two transformers W'hich 
are operating with both their high- and low -tension windings 
in parallel: 


Rated open-circuit voltage i Short circuit 


Kv.-a. 

Type 

High tension 

Low tension 

; Amperes^ | 

Volts 

1 Watts 

IM 

Core 

11,000 

440 

i 0.1 j 

265 

1,004 

5m 

.Shell 

13,2CM3 

520 

37,9 ! 

1,100 

4,600 


The ratios of transformation are slightly different. These trans- 
formers take a combined power of 460 kw. at 0.90 power factor 
from an 11,,000-volt circuit. 

(a) What is the current in each transformer? 

(b) If the ratios of transformation are made equal by the 
removal of a few" turns from the high-tension winding of the 500- 
kw. transformer, w"hat is the current taken by each transformer 
for this load? Assume that the short circuit data would be 
unchanged. 

91. The following data are given on two transformers w-hich 
are operating in parallel on both the high- and low"-tension sides: 


Rated open-circuit voltage ; Short circuit 


v.-a. 

Type 

High tension 

Low tension 

Amperes^ 

Volts 

j Wyatts 

m.) 

S Core 
*' Shell ; 

13,200 ! 

12,7<X1 ! 

2,340 

2,170 

37.9 

1 39.4 

1 413 
' 332 

3,375 

4,680 


^Full-load current at ratwi voltages. 
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The ratios of transformation are sligiitly different. These 
transformers take a combined power of 900 kw. at 0.92 power 
factor from a 12.,S00-volt circuit. 

(a) What is the current in each transformer? 

(b) If the ratios of transformation are made equal by removing 
a few turns from the high-tension winding of the shell-type trans- 
former what is the current taken by each transformer for this 
load? Assume that the short-circuit data would be unchanged. 

92 . Consider the transformers described in problem 82. 
They are operating in parallel on both the high- and low-tension 
sides. What are the least values of resistance and reactance that 
should be added to each transformer on the low-tension side in 
order that the currents supplied b}' the transformers shall be in 
phase and in proportion to their capacities? 

(b) For a given load on the transformers compare the total 
heating in the transformers and reactors with that in the trans- 
formers alone before the addition of the reactors. 

93 . Consider the transformers described in problem 83. 
They are operating in parallel on both the high- and low-tension 
sides. 

(a) Compare the sum of their rated outputs with the kilovolt- 
ampere load they can deliver without overloading either of them. 

(b) A reactor of negligible resistance is added on the low- 
tension side of one transformer of such a value that the resultant 
impedance volts of the transformer and reactor on short circuit 
wdth full-load current is the same as that of the other transformer 
alone when it also carries full-load current. What is the imped- 
ance of this reactor? By W’hat amount can the combined output 
of the transformers be increased by the addition of this reactor 
without overloading either transformer? 

94 . Consider the transformers described in problem 84. 
They are operating in parallel on both the high- and low-tension 
sides. 

(a) Compare the sum of their rated outputs with the greatest 
kilovolt-ampere load they can deliver without overloading either 
of them. 

(b) A reactor of negligible resistance is added on the low-ten- 
sion side of one transformer of such a value that the resultant 
impedance volts of the transformer and reactor on short circuit 
with full-load current is the same as that of the other transformer 
alone when it also carries full-load current. What is the imped- 
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ance of this reactor? By what amount can the combined output 
of the transformers be increased by the addition of this reactor 
without overloading either transformer? 

95* The following data are given on two transformers which 
are operating in parallel on both their high- and low-tension 
sides : 


Voltage j Short circuit 


Kv.-a. 

Type 

High tension 

Low tension 

Volts 

i Amperes 1 

i Watts 

1/iOO 

1 Sheli 

66,000 

6,600 1 

3,360 

1 15.15 

7,490 

3.333 

' Shell 

66,000 

6,600 ' 

2,780 

50.5 

18,850 


These transformers are delivering a combined load of 4333 
kv.-a. at 6600 volts. A reactor of negligible resistance is added 
in series with one of these transformers on the low-tension side 
so that they divide this load in proportion to their ratings. As- 
sume that this does not effect the low-tension voltage. 

(a) What per cent, of its rated capacity is the load on each 
transformer before the reactor is added? 

(b) What is the ractance of this reactor? By what amount is 
the total copper loss in the transformers reduced? 

96 . Two similar 5-kw. lighting transformers which give a 
ratio of transformation of 1100:110 volts are connected in series 
on both the high- and low-tension sides. With both low-tension 
windings short circuited and with 326 volts impressed on the high- 
tension windings connected in series the current is 4.55 amperes 
and the power supplied is 101 watts. On the low-tension side 
these transformers supply power to a three-wire system. The 
resistances of the lamp loads on the two sides of the neutral are 
2.8 ohms and 2.1 ohms. The high-tension line voltage is 2200 
volts. What is the current in the neutral conductor? What is 
the voltage across each lamp load? If each lamp takes approxi- 
mately 50 watts how many should be turned off on one side in 
order that all of the lamps shall burn with the same brilliancy? 

97 . The transformers described in problem 96 are connected 
in series on both the high- and low-tension sides, and are deliver- 
ing powder to a three-wire circuit on each side of which there are 
twm equal lamp loads taking 32 amperes at 110 volts. 

What is the high-tension line voltage? If one of these loads is 
short circuited w’hat will be the voltage across the other on the 
assumption that its resistance and the high-tension line voltage 
are both unchanged? 

^ Fuli-Ioad currertt. 
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98. The transformers described in problem 90 are connected 
in parallel on the high-tension and in series on the low-tension 
sides and are delivering power to a three-wire lighting circuit. 
The resistances of the lamp loads on the two sides of the system 
are 2.8 and 2.1 ohms. What is the current in the neutral conduc- 
tor? If the neutral conductor is disconnected from the trans- 
formers what is the voltage across each lamp load? 



CHAPTER II 


SYNCHRONOUS GENERATORS 

1. With normal excitation the resultant air-gap flux in a 60- 
cycle alternator is lOHines per pole. The flux density is con- 
stant under the pole face and is zero between the poles. 

If the ratio of pole arc to pole pitch is 0.75 and the coil pitch 
is 1.0, what is the generated armature voltage per turn? What 
is the form factor of this e.m.f.? Sketch the graphs of the 
flux density and the e.m.f. 

2. In problem 1 if the ratio of pole arc to pole pitch is 0.75 and 
the coil pitch 0.67, what is the generated armature voltage per 
turn? What is the form factor of this e.m.f.? Sketch the 
graphs of the flux density and the e.m.f. 

3. In problem 1 if the ratio of pole arc to pole pitch is 0.5 and 
the coil pitch is 1.0, what is the generated armature voltage per 
turn? What is the form factor of this e.m.f.? Sketch the 
graphs of the flux density" and the e.m.f. 

4. With normal excitation the resultant air-gap flux in a 
60-cy"ele alternator is 10® lines per pole. The flux density is 
constant under the pole face and decreases uniformly to zero 
at points midway between the poles. 

If the ratio of pole arc to pole pitch is 0.75 and the coil pitch 
is 1.0, what is the generated armature voltage per turn? What 
is the form factor of this e.m.f.? Sketch the graphs of the flux 
density and the e.m.f. 

6. In problem 4 if the ratio of pole arc to pole pitch is 0.75 
and the coil pitch is 0.67, what is the generated armature vol- 
tage per turn? What is the form factor of this e.m.f.? Sketch 
the graphs of the flux density and the e.m.f. 

6. In problem 4 if the ratio of pole arc to pole pitch is 0.5 and the 
coil pitch is 1.0, what is the generated armature voltage per turn? 
lYhat is the form factor of this e.m.f.? Sketch the graphs of the 
flux density and the e.m.f. 

7. With normal excitation the resultant air-gap flux in a 60- 
cycle alternator is 10® lines per pole. This flux is sinusoidally 
distributed along the air^ap. 


24 
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If the coil pitch is 1.0. what is the generated armature voltage 
per turn? What is the form factor of this e.m.f.? 

8 . In problem 7 if the coil pitch is 0.8, what is the generated 
armature voltage per turn? What is the form factor of this 
e.m.f.? 

9. In problem 7 if the coil pitch is 0.67, what is the generated 
armature voltage per turn? What is the form factor of this 
e.m.f.? 

10. With normal excitation the resultant air-gap dux in a 
60-cycle alternator is 10 ® lines per pole. The equation of the 
curve which represents the flux density in the air-gap is: 

B = Bi sin x+Bz sin 3x. 

X is the electrical angle measured from the point midway between 
the poles. Take Bz = 0.35i. 

If the coil pitch is 1.0, what is the generated armature voltage 
per turn? What is the form factor of this e.m.f.? 

11. In problem 10 if the coil pitch is 0.8, what is the generated 
armature voltage per turn? What is the form factor of this 
e.m.f.? 

12. In problem 10 if the coil pitch is 0.67 what is the generated 
armature voltage per turn? What is the form factor of this 
e.m.f.? 

13. With normal excitation the resultant air-gap flux in a 
60-cycle alternator is 10® lines per pole. The equation of the 
curve which represents the flux density in the air gap is: 

B = Bi sin x+Bz sin (sx+''^ . 

X is the electrical angle measured from the point midway between 
the poles. Take ^3 = 0.3.B i. 

If the coil pitch is 1.0, what is the generated armature voltage 
per turn? What is the form factor of this e.m.f.? 

14. With normal excitation the resultant air-gap flux in a 60- 
cycle alternator is 10® lines per pole. The equation of the curve 
w^hich represents the flux densit^^ in the air-gap is: 

B = Bi sin x+Bz sin (3x +^) 

X is the electrical angle measured from the point midway between 
the poles. Take Bz = 0.3jBi. 
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If the coil pitch is 1.0 what is the generated armature voltage 
per turn? What is the form factor of this e.m.f.? 

15. With normal excitation the resultant air-gap flux in a 60- 
eycle alternator is 10® lines per pole. The equation of the curve 
which represents the flux density in the air-gap is: 

B = Bi sin x+B'o sin ox 

X is the electrical angle measured from the point midway between 
the poles. Take B 5 = 0.2Si. 

If the coil pitch is 1.0, what is the generated armature voltage 
per turn? What is the form factor of this e.m.f.? 

16. In problem 15 if the coil pitch is 0.8, what is the generated 
armature voltage per turn? What is the form factor of this 
e.m.f.? 

17. In problem 15 if the coil pitch is 0.67 what is the generated 
armature voltage per turn? What is the form factor of this 
e.m.f.? 

18. With normal excitation the resultant air-gap flux in a 
60-cycle alternator is 10® lines per pole. The equation of the 
curve which represents the flux density in the air-gap is: 

B^Bi sin x—Bs sin 5x 

X is the electrical angle measured from the point midway between 
the poles. 

If the coil pitch is 1.0, what is the generated armature voltage 
per turn? What is the form factor of this e.m.f.? 

19. With normal excitation the resultant air-gap flux in a 60- 
cycle alternator is 10® lines per pole. The flux density is con- 
stant under the pole face and is zero between the poles. The 
armature has 8 equally spaced slots per pole. The ratio of pole 
arc to pole pitch is 0.67 and the coil pitch is 1.0. 

(a) If the armature winding consists of 2 inductors in series 
per pole placed in adjacent slots, what is the generated armature 
voltage per pole? What is the form factor of this e.m.f. ? Sketch 
the graphs of the flux density and the e.m.f. 

(b) Compare this e.m.f. and form factor with what they 
would have been had the winding been concentrated — f.e., with 
2 inductors in series per pole, placed in the same slot. 

20. In problem 19 if the armature winding consists of 4 induc- 
tors in series per pole placed in adjacent slots, what is the gene- 
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rated armature voltage per pole? What is the form factor of this 
e.m.f.? Sketch the graphs of the fiiLx densit}- and the e.mi. 

(b) Compare this e.m.f. and form factor with what they would 
have been had the winding been concentrated — Le., with 4 induc- 
tors in series per pole placed in the same slot. 

21. In problem 19 if the armature winding consists of 4 induc- 
tors in series per pole placed in alternate .slots, what is the gene- 
rated armature voltage per pole? What is the form factor of 
this e.m.f.? Sketch the graphs of the flux density and the e.m.f . 

(b) Compare this e.m.f. and form factor with what they would 
have been had the winding been concentrated — f.e., with 4 induc- 
tors in series per pole placed in the same slot. 

22. With normal excitation the resultant air-gap flux in a 60- 
cycle alternator is 10® lines per pole. The flux density is con- 
stant under the pole face and decreases uniformly to zero at points 
midwa}^ between the poles. The armature has 8 equalty spaced 
slots per pole. The ratio of pole arc to pole pitch is 0.67 and the 
coil pitch is 1.0. 

If the armature winding consists of 2 inductors in series per 
pole placed in adjacent slots, what is the generated armature 
voltage per pole? What is the form factor of this e.mi.? 
Sketch the graphs of the flux density and the e.m.f. 

23. With normal excitation the resultant air-gap flux in a 
60-cycle alternator is 10® lines per pole and is sinusoidally dis- 
tributed along the air-gap. The armature has 12 equally spaced 
slots per pole. The coil pitch is 1.0. 

(a) If the armature winding consists of 6 inductors in series 
per pole placed in alternate slots, what is the generated armature 
voltage per pole? What is the form factor of this e.m.f.? 

(b) Compare this e.m.f. with what it ’would have been had the 
6 inductors per pole been concentrated in one slot. 

24. In problem 23 if the armature winding consists of 12 
inductors in series per pole, one in each slot, what is the generated 
armature voltage per pole? What is the form factor of this 
e.m.f.? 

(b) Compare this e.m.f. with what it would have been had the 
12 inductors per pole been concentrated in one slot. 

25. In problem 23 if the armature winding consists of 8 
inductors in series per pole placed in adjacent slots, what is the 
generated armature voltage per pole? What is the form factor 
of this e.m.f.? 
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(b) C/ompare tliit: e.m.f. with what it would have been had the 
8 inductors per pole been concentrated in one slot. 

26. With normal excitation the resultant air-gap flux in a 60- 
cycle alternator is 10^" lines per pole. The equation of the curve 
which represents the flux density in the air-gap is 

S == jBi sin x+Bz sin 3a: 

X is the electrical angle measured from a point midway between 
the poles. Take B 3 = 0.3Bi. 

(a) If the armature winding consists of 3 equally spaced 
inductors per pole connected so as to give a winding which has a 
spread of one-third the pole pitch and a coil pitch of 1.0, what is 
the generated armature voltage per pole? What is the form 
factor of this e.m.f.? (b) Compare this e.m.f. and form factor 
with what they would have been had the winding been concen- 
trated in one slot per pole. 

27. A single-phase turbo-alternator is rated to deliver 1000 
kv.-a. at 5200 volts when driven at 1500 rev. per min. The 
armature has 48 slots, 8 of which, or 2 per pole, carry no inductors, 
so that the spread of the winding is 0.83. In each of the other 
40 slots there are 4 inductors in series. What is the no-load 
terminal voltage when the air-gap flux is 40 megalines per pole 
and the speed is 1510 rev. per min.? 

28. A single-phase alternator is rated to deliver 250 kv.-a. 
at 2200 volts when driven at 375 rev. per min. The field struc- 
ture has 24 poles and the armature, 240 slots. The spread of the 
armature winding is 0.6 and all of the inductors are connected in 
series. The coil pitch is one. In any belt each of the four cen- 
tral slots contains 3 inductors vrhile each of the outer slots con- 
tains 2 inductors. What is the no-load terminal voltage when the 
air-gap flux is 3.9 megalines per pole and the speed is 370 rev. per 
min.? 

29. A two-phase ’water turbine driven generator is rated to 
deliver 900 kv.-a. at 5000 volts. The field structure has 46 poles 
and the armature has 2 slots per pole per phase. There are 11 
inductors in series per slot. The coil pitch is one. What is 
the no-load terminal voltage 'when the air-gap flux is 5.4 megalines 
per pole and the generator is driven at its normal speed of 120 
rev. per min.? 

30. A 2-phase, 60-cycle, engine driven alternator is rated to 
deliver 3500 kv.-a. at 11,500 volts. The armature has 576 
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slots with 5 inductors in series per slot. coil pitch is one. 

The field structure has 96 poles. What is theVi^erated armature 
voltage when the resultant air-gap flux is 6.3 c 

and the speed is 74 rev. per min. ? 1 ''Jf 

31. The armature of a 3-phase, 50-eycle, 12-poIe alternating 
current generator has 54 slots with 2 inductors per slot. The 
inductors are arranged symmetrically in the following order, which 
repeats itself for ever}’ pair of poles, /.c., for every 9 slots. In the 
first, third, fourth, sixth, seventh and ninth slots both inductors 
are in phases 1, 3, 2, 1, 3 and 2 respectively. In the second, 
fifth and eighth slots the top inductors are in phases 3, 1, and 2 
respectively, and the bottom inductors are in phases 1, 2 and 
3 respectively. The inductors in each phase are connected in 
series and the phases are connected in Y. 

(a) If the resultant no-load air-gap flux is sinusoidally distrib- 
uted and has a value of 8X 10^ lines per pole what is the terminal 
voltage? 

(b) What are the reduction factors for the fifth and seventh 
harmonics in the phase voltage? 

(c) For what harmonics are the reduction factors zero? 

32. The armature core of a 3-phase alternating-current gener- 
ator has 12 slots per pole. Each slot contains 2 coil sides, so that 
while there are 8 inductors per slot each coil has 4 turns. The 
coil pitch is 10 slots. 

What are the total reduction factors for the fundamental and 
the third, fifth and seventh harmonics in the phase voltage? 

33. A 3-phase, Y-connected, 25-cycle, alternating-current 
generator is rated to deliver 7500 kv.-a at a terminal potential 
difference of .12,000 volts. The field structure has 12 poles and 
the armature has 180 slots. There are 4 inductors in series per 
slot. What is the no-load terminal voltage when the air-gap 
flux is 52 megalines per pole and the generator is driven at its 
rated speed? The coil pitch is 12 slots. 

34. ^ (a) In problem 27, what is the armature reaction in 
ampere turns per pole when the alternator is delivering its 
rated load at unit power factor? 

(6) What is the leakage reactance voltage at this load? The 
armature inductors are 41 in. long. Assume that the leakage 
flux is 7 lines per ampere per inch of inductor. 

(c) If the armature winding had been equally distributed in 5 
adjacent slots instead of in 10 what would have been the leakage 

^See note I, page 51. 
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reactance voltage at this load? Assume 7 leakage lines as 
in (b) 

35. ^ (a) In problem 28 what is the armature reaction in ampere 
turns per pair of poles when the alternator is delivering 200 kw. 
at 0.8 power factor, and its rated voltage? 

(b) What is the leakage reactance voltage at this load? The 
armature inductors are 23 in. long. Assume that the leakage 
flux is 8 lines per ampere per inch of inductor. 

(c) If the armature winding had been equally distributed in 
the four central slots, f.c., wnth 4 inductors per slot, what would 
have been the leakage reactance voltage at this load? Assume 
8 leakage lines as in (b). 

36. ^ (a) In problem 29 what is the armature reaction in ampere 
turns per pair of poles when the alternator is delivering full-load 
kilovolt-amperes? 

(b) 'V^liat is the leakage reactance voltage per phase at this 
load? Assume that the leakage flux is 96 lines per ampere per 
inductor. 

(c) If the armature winding had been concentrated, f.e., with 
one slot per pole per phase, holding 22 inductors, what would 
have been the leakage reactance voltage? Assume the same 
leakage flux per inductor as in (b). 

37A (a) In problem 33 what is the armature reaction in ampere 
turns per pole when the alternator is delivering 7650 kw. at 0.9 
power factor and its rated voltage? 

(b) What is the leakage reactance voltage per phase at this 
load? The armature inductors are 48 in. long. Assume that 
the leakage flux is 6.5 lines per ampere per inch of inductor. 

38AA three-phase, Y-connected alternating-current generator 
which is rated to deliver 760 kv.-a. at 2200 volts has an armature 
with 6 slots per pole. There are 3 inductors in series per slot. 

What are the cross-magnetizing and demagnetizing ampere 
turns per pole due to armature reaction when the alternator 
delivers its full-load current (a) if the power factor is such that 
the current in any phase reaches its maximum value 60 degrees 
after the inductors of that phase pass the center of the pole? 
(b) if the power factor is such that the current in any phase 
reaches its maximum value of 30 degrees before the inductors of 
that phase pass the center of the pole? 

39,® A three-phase, 1500-kv.-a., 5500-volt alternating-current 
generator has a field structure with 72 poles and an armature 

^See note I, page 51. 

® Assume ratio pole arc to pole pitch, equals 0.75. See note II, page 51. 
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with 216 slots. There are 12 inductors in series per slut. The 
phase windings are connected in star. 

(a) "Or hat are the cross-magnetizing and demagnetizing 
ampere turns per pole due to armature reaction when the 
alternator delivers its fuii-ioad current at 0.85 power factor (in- 
ductive load)? Assume that for this power factor the current 
in any phase is 0.7 of its maximum value at the time the in- 
ductors of that phase are under the center of the pole. 

(b) "O hat are the eross-magnetizing and demagnetizing ampere 
turns per pole due to armature reaction when the alternator 
delivers its fuil-ioad current at 0.85 power factor (condensive 
load)? Assume that for this power factor the current in any 
phase is 0.2 of its maximum value at the time the inductors of 
that phase are midway between the poles. 


DATA ox ALTERXATIXG-CURREXT GEXERATORS 



A 

B 

Rated output (kv.-a.) 

100 

5000 

Phases 

2 

3, Y 

Frequency 

GO 

GO 

Line voltage 

4S0 

G600 

Armature iron: 

Effective length of core 

5.75 in. 

17,5 m. 

Diameter of core at air-gap 

26.4 in. 

14S in. 

Slots (open) I 

96 

3G0 

Depth of slot 

1.4SS in. 

2. 2 in. 

Width of slot 

0.37 in. 

! O.oSin. 

Field magnets: 

Poles 

8 

30 

Pole arc: Pole pitch 

0.70 

1 0.7GS 

Armature copper: 

Inductors per slot 

S 

4 


(2 in parallel) 

(2 in parallel) 

Size of inductor ' 

Xo. S wire 

strap 

Thickness of insulation between : 

0.042 in. 

0.114 in. 

inductor and sides of slot. 

Mean length per turn 

44 . 4 in. 

107.26 in. 


40A Calculate the cross-magnetizing and demagnetizing ampere 
turns in alternator A for full-load current and such a power 
factor that the current is lagging and has a value of 0.70 of its 
maximum value in any phase when that phase is opposite the 
center of the poles. 

41.^ Calculate the cross-magnetizing and demagnetizing ampere 
turns in alternator B for full-load current and such a powder factor 
^See note II, page 51. 
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that the eorrent is lagging and has a value of 0.80 of its maximum 
value in any phase when that phase is opposite the center of 
the poles. 

42 . A 25-cycle alternating-current generator has an armature 
core with slots that are 1 .35 in. vnde and 2.625 in. deep. There are 
four Inductors in series per slot, (a) Calculate the slot reactance 
per inch of slot on the assumptions that the path of the leakage 
flux across the inductors is parallel to the bottom of the slot, 
that the permeability of the iron is great and that the inductors 
completely fill the slot. 

(b) If the slot reactance is calculated on the assumption that 
all of the leakage flux per slot is linked with all of the inductors 
in that slot, what value of leakage flux per ampere per inch of 
inductor 'wdll give the same slot reactance as calculated by the 
preceding method? 

43 . A 125-eycle alternating-current generator has an armature 
core -^ith slots that are 1.0 in. wdde and 3.5 in. deep. Each slot 
holds 12 inductors in series which completely fill it. (a) Calculate 
the leakage reactance per inch of slot on the assumption that the 
path of the leakage flux across the inductors is parallel to the 
bottom of the slot, and that the permeability of the iron is great. 

(b) If the 12 inductors fill the slot to a depth of but 2.5 in. 
calculate the leakage reactance per inch of slot on the same 
assumptions. 

44 . A 60-cycle alternating-current generator has an armature 
core with slots that are 1.1 in. wide and 2.75 in. deep and 15 in. 
long. There are 6 inductors in series per slot which fill it to a 
depth of 2.0 in. (a) Calculate the slot reactance on the assump- 
tion that the path of the leakage flux between the sides of the 
slot is parallel to the bottom of the slot, and that the permea- 
bility of the iron is great. 

(b) If the slot reactance is calculated on the assumption that 
ail of the leakage flux per slot is linked with all of the inductors 
in that slot, what value of leakage flux per ampere per inch of 
inductor will give the same slot reactance as calculated by the 
preceding method? 

46 . A 3-phase, 25-cyele altenator is rated to deliver 850 
kv.-a. at 5000 volts. The slots in the armature core are 1.31 
in. wide and 3.625 in. deep. The gross length of the armature 
core is 14.5 in. and the effective length, deducting for the ven- 
tilating ducts and the insulation on the laminations, is 10.75 
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ill. There are 14 inductors in series per slot which occupy a 
space 0.75 in. by 2.75 in. The thickness of the insulation 
between the inductors and the armature core is the same at the 
sides and at the bottom of the slot. The mean length of one 
turn is 93 in. Each coil consists of 14 turns. 

(a) Calculate the leakage reactance per coil on the following 
assumptions. Where the inductors are embedded in iron the 
path of the leakage flux between the sides of the slot is parallel to 
the bottom of the slot. For the portions of the coil that are 
not embedded in the armature core the leakage flux links with 
all of the turns in that coil and has a value of 0.8 line per ampere 
per inch of turn. 

(b) If the leakage reactance is calculated on the assumption 
that all of the leakage flux per coil links with all of the turns in 
the coil, and that the length of the coil is but twice the length of 
the inductor, i.e,, twice the gross length of the armature core, 
what value of leakage flux per ampere per inch of inductor will 
give the same value of leakage reactance as calculated by the 
preceding method? 

46 . (a) Calculate the slot and coil end leakage reactance for 
alternator A (see problem 40). Use the most exact method at 
your command for the data given. 

(b) Calculate the slot and coil end leakage reactance for 
alternator B (see problem 41). Use the most exact method at 
your command for the data given. 

47 . A special 60-cycle generator has a field structure with 6 
poles and an armature with 72 slots. There are 9 inductors in 
series per slot. The coils in adjacent slots are connected in 
series by pairs so that each of the 6 independent armature wind- 
ings thus formed has a spread of one-sixth and a pitch of 1.0. 
When the 6 windings are arranged to form a 3-phase, Y-con- 
nected armature winding, the synchronous reactance voltage 
is 46 volts for an armature current of 30 amperes. Assume 
that the armature leakage jflux is 72 lines per inductor per am- 
pere, and that the approximate formula for armature reac- 

NI 

tion, 0.75 ~pf holds exactly in every case. 

(a) What is the synchronous reactance voltage with an arma- 
ture current of 30 amperes when the 6 armature windings are 
connected in series to form a single-phase, open-circuit armature 
winding? 
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(b) The synchronous reactance voltage is 24 per cent, of the 
open-circuit phase voltage when the armature winding is con- 
nected in Y. With the same field current what per cent, of the 
open-circuit armature voltage will the synchronous reactance 
voltage be when the windings are connected to form a single- 
phase, open-circuit armature winding? 

48. In problem 47 what is the synchronous reactance voltage 
%vith an armature current of 60 amperes — 30 amperes per 
inductor — when the 6 vnndings are connected to form a single- 
phase, 2-circuit armature winding? 

(b) With the same field current as in 47 (b) what per cent, of 
the open-circuit armature voltage will the synchronous react- 
ance voltage be when the windings are connected to form a 
single-phase, 2-circuit armature winding? 

49. In problem 47 what is the sjmchronous reactance voltage 
with an armature current of 30 amperes when the 6 windings 
are connected to form a 2-phase armature winding? 

(b) With the same field current as in 47(b) what per cent, of 
the open-circuit armature voltage will the synchronous reactance 
voltage be when the windings are connected to form a 2-phase 
armature winding? 

60. Two three-phase, 60-c3"cle alternating-current generators 
have the same current and voltage rating. The first has 12 
slots per pole and the second has 9 slots per pole.^ Each alter- 
nator has the same number of turns per phase- The first has 
4 poles and the second 6 but the dimensions of the magnetic 
circuit are such that the same number of ampere turns on the 
field produces the same flux per pole in each. The shape of the 
armature slots is such that the leakage flux per ampere per 
inductor is also the same for each. 

The armature leakage reactance and the synchronous react- 
ance of the first alternator are respectively 0.54 ohms and 2.13 
ohms. What are the corresponding constants of the second 
alternator? 

61. A 3-phase, delta-connected alternating-current generator 
is rated to deliver 15 kv.-a. at 230 volts when running at a speed 
of 1200 rev. per min. There are 6 field poles each of which is 
wound with 398 turns. The armatmre has 72 slots with 8-induc- 
tors in series per slot. Each inductor is 5 in. long. The hot 
resistance of the armature measured between any two terminals 
is 0.126 ohm. The effective resistance is 1.6 times the ohmic 

^The eoO pitches sre respectively 10 slots and 8 slots. 
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resistance. In calculating the leakage reactance assume S 
leakage lines per ampere per inch of inductor. The open- and 
short-circuit characteristics are given by the following data: 



(a) Calculate the regulation of this generator by the general 
method for an inductive load of 15 k\v. at 0.8 power factor. 
What is the field current calculated by this method? 

(b) Calculate the regulation of this generator for the specified 
load by the synchronous impedance method. What is the field 
current calculated by this method? 

(c) Calculate the regulation of this generator for the specified 
load by the magnetomotive force method. What is the field 
current calculated by this method? 

62. A 760-kv.-a, 2200-volt alternating-current generator 
delivers energy directly to a S-phase, 50-cycle system. The 
neutral of the generator is grounded. The field structure 
consists of 64 poles each of which is wound with 50 turns. The 
armature core has 384 slots T\uth 3 inductors in series per slot. 
The length of the armature core parallel to the shaft is 10 in. 
The effective resistance of the armature winding is 0.172 ohm per 
phase. In calculating the leakage reactance assume 6.5 leakage 
lines per ampere per inch of slot per inductor. The open- and 
short-circuit characteristics are given by the following data: 



(a) Calculate the regulation of this generator for 25 per cent, 
overload current at unit power factor by the general method. 
What is the field current calculated by this method? 
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(b) Calculate the regulation of this generator for the specified 
load by the synchronous impedance method. What is the field 
current calculated by this method? 

(c) Calculate the regulation of this generator for the specified 
load by the magnetomotive force method. What is the field 
current calculated by this method? 

53. A 3-phase, Y-connected, 1500-kv.-a., 5500-volt alternating- 
current generator is driven by a 2000-h.p. reciprocating engine 
that runs at 83 rev. per min. at full load. The field structure 
has 72 poles each of which is wound with 35 turns. The armature 
core has 1 slot per pole per phase with 12 inductors in series per 
slot. Each inductor is 9 in. long. The armature winding has 
an effective resistance of 0.36 ohm per phase. In calculating 
the leakage reactance assume 7.5 equivalent leakage lines per 
ampere per inch of inductor. The data for the open- and short- 
circuit characteristics are: 


, Open circuit 

1 Short circuit 

Field current _ . i 

Terminal voltage 

j Armature current 

150 5100 

200 5900 

250 1 6500 1 

300 ! 6800 1 

350 : 7100 

300 

400 





(a) Calculate the regulation of this generator by the general 
method for 20 per cent, overload current at 0.85 power factor 
(induction load). WhaA is the field current calculated by this 
method? 

(b) Calculate the regulation of this generator for the specified 
load by the synchronous impedance method. What is the field 
current calculated by this method? 

(c) Calculate the regulation of this generator for the specified 
load by the magnetomotive force method. What is the field 
current calculated by this method? 

54. A 3750-kv.-a. alternating-current generator delivers energy 
at 2200 volts to a 2-phase, 30-cycle system. The field structure 
has 20 poles, each of which is wound with 60 turns. The arma- 
ture has 360 slots with one inductor per slot. Each inductor is 
20.5 in. long. The armature resistance by direct-current measure- 
ment is 0.0196 ohm per phase at 25® C. Assume that the ratio 
of effective resistance to ohmic resistance is 1.3 at 25® O. In 



SYNCH ROXOUS GENERATORS 


37 


calculating the leakage reactance assume that the leakage flux 
is 6.5 lines per ampere per inch of inductor. The data for the 
open- and short-circuit characteristics are: 


Field ampere turns 
per pole 


Open circuit 

Short circuit 

Terminal voltage 

Armature current 

4,000 


680 

606 

8,000 


1360 

1210 

12,000 

1 

2000 


16,000 


2480 


18,000 


2660 



(a) Calculate the regulation of this generator for a condensive 
load of 3500 kw. at 0.92 power factor by the general method. 
What is the field current calculated by this method? Assume 
that the temperature of the armature windings is 70® C. 

(b) Calculate the regulation of this generator for the specified 
load by the synchronous impedance method. What is the field 
current calculated by this method? 

(c) Calculate the regulation of this generator for the specified 
load by the magneto-motive force method. What is the field 
current calculated by this method? 

66. A 3-phase water-wheel generator whose armature winding 
is Y-connected is rated to deliver 5000 kv.-a. at 6600 volts. 
Normal speed is 240 rev. per min. The field structure has 30 
poles with 67.5 turns per pole. The armature core has 360 
slots with 2 inductors in series per slot. The length of the 
armature core is 21.5 in. The measured resistance of the arma- 
ture between any two terminals is 0.0836 ohm at 25° C. The 
ratio of effective resistance to ohmic resistance is 1.65 at 25® C. 
In calculating the leakage reactance assume that the leakage flux 
is 6.5 lines per ampere per inch of slot per inductor. 

The open- and short-circuit characteristics are given by the 
following data: 


Field current 

Open circuit 


Short circuit 

Terminal voltage 

Armature current 

100 j 

4800 


680 

150 

6500 

i 

i 

1020 

200 

7m 



250 

7900 




(a) Calculate the emulation of this generator by the general 
method for full-load kilovolt-amperes at 0.8 power factor (indue- 
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tive load). What is the field current calculated by this method? 
Assume that the temperature of the armature windings is 
70^ C. 

(b) Calculate the regulation of this generator for the specified 
load by the synchronous impedance method. What is the field 
current calculated by this method? 

(c) Calculate the regulation of this generator for the specified 
load by the magnetomotive-force method. What is the field 
current calculated b}" this method? 

66. A 2-phasej 60-cycle alternating-current generator is rated 
to deliver 100 kv.-a. at 480 volts. The armature has an effective 
resistance of 0,138 ohm and a leakage reactance of 0.159 ohm per 
phase- When the power factor of the load is 0.8 the armature 
demagnetizing ampere turns are 11.8 and the cross-magnetizing 
ampere turns are 15.2 per pole per ampere. The field poles 
are each wound with 265 turns. The data for the open circuit 
characteristic are: 

Field current Open-circuit voltage 

400 
500 
560 
59S 


10 

15 

20 


What is the regulation of this generator when delivering full- 
load current at 0.8 power factor (inductive load) ? 

(a) Assume that the cross-magnetizing and demagnetizing 
ampere turns act on magnetic circuits of the same reluctance as 
that of the resultant field. This is a modification of the general 
method. 

(b) Assume that the cross-magnetizing ampere turns act on a 
magnetic circuit whose reluctance is determined by the lower 
part of the saturation cuTYe, and that the demagnetizing ampere 
turns act on the same magnetic circuit as do the impressed field 
ampere turns- This is the Blondel method. 

67. A 3-phase, 25-cyele alternating-current generator is rated 
to deliver 850 kv.-a. at 5000 volts. The armature windings are 
connected in Y, and have an effective resistance of 0.398 ohm and 
a leakage reactance of 1.46 ohms per phase. When the power 
factor of the load is unity the armature demagnetizing ampere 
turns are 5.8 and the cross-magnetizing ampere turns are 31 per 
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pole per ampere. The field poles are each wound with 79.5 
turns. The data for the open-circuit characteristic are: 


Field ampere turns per pole 

Open-circuit terminal voltage 

6,000 

1 4330 

10,000 i 

5460 

12,000 

5800 

14,000 

6060 


What is the regulation of this generator when delivering 30 
per cent, overload current at unit power factor? 

(a) Assume that the cross-magnetizing and demagnetizing 
ampere turns act on magnetic circuits of the same reluctance as 
that of the resultant field. This is a modification of the general 
method. 

(b) Assume that the cross-magnetizing ampere turns act on a 
magnetic circuit whose reluctance is determined by the lower 
part of the saturation curve, and that the demagnetizing ampere 
turns act on the same magnetic circuit as do the impressed field 
ampere turns. * This is the Blondel method. 

58 . A 3-phase, Y-connected alternating-current generator is 
rated to deliver 1000 kv.-a. at 13,800 volts. The armature 
has an effective resistance of 2.18 ohms per phase. The data for 
the open-circuit characteristic and the full-load current satura- 
tion curve at zero power factor are: 


Field current 


41.2 

50 

110 

140 

180 


Open-circuit terminal 
voltage 


8,800 

15,600 

17,250 

18,900 


Saturation curve 
42 amp., at zero P.F. 
0 

10,750 

13,250 

15,600 


What is the regulation for an inductive load of 50 amperes 
at 0.85 power factor? 

69. A 3-phase, water-wheel generator is rated to deliver 5000 
kv.-a. at 6600 volts. The armature winding is Y-connected 
and has an effective resistance of 0.081 ohm per phase. The data 
for the open-circuit characteristic and the full-load current satura- 
tion curve at zero power factor are: 

4 
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Field current 

Open-circuit terminal 
voltage 

i Saturation curve 

1 438 amp. at zero P.F. 

64 

3050 

0 

100 

4800 

1 1800 

150 

6500 

1 4200 

200 

7400 

1 5700 

275 

8150 

1 6900 


What is the regulation for an inductive load of 500 amperes 
at 0.8 power factor? 

60. A 3-phase, Y-connected alternating-current generator is 
rated to deliver 1640 kv.-a. at 13,500 volts. The armature has 
an effective resistance of 1.52 ohms per phase and a synchronous 
reactance of 31.4 ohms per phase. 

(a) What is the regulation of this alternator on an inductive 
load taking 1500 kw. at 0.85 power factor? 

(b) Ttliat is the regulation on a condensive load taking 1500 
kw. at 0.85 power factor? 

61. A 2-phase alternating-current generator is rated to deliver 
3500 kw. at 10,000 volts. The armature has an effective resist- 
ance of 0.64 ohm per phase and a synchronous reactance of 13.7 
ohms per phase. 

(a) "Wliat is the regulation of this alternator on a non-induc- 
tive load taking the rated kv.-a.? 

(b) T^liat is the regulation on an inductive load taking the 
rated kv.-a. at zero power factor? 

(c) What is the regulation on a condensive load taking the 
rated kv.-a. at zero power factor? 

62. A 760-kv.-a, 2200-volt, 3-phase alternating-current gen- 
erator has an effective armature resistance of 0.17 ohm per phase. 
The armature winding is connected in Y. With the armature 
short-circuited the armature current is 338 amperes when the 
field current is 60 amperes. The open-circuit characteristic 
data are: 

Field current Open-circuit terminal voltage 


50 

1060 

80 

1650 

100 

1950 

120 

2160 

150 

2420 

200 

2650 
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(a) What is the regulation of this generator, calculated by the 
magnetomotive-force method, for an inductive load which re- 
quires full-load current at 0.5 power factor? 

(b) What is the regulation for a condensive load which re- 
quires full-load current at 0.5 power factor? 

63 . A 3-phase, A-eonnected alternating-current generator 
has a full-load capacity of 15 kv.-a. at 230 volts. The effective 
armature resistance and synchronous reactance are respectively 
0.302 and 4.36 ohms per phase. Three reactors each of which 
has an effective resistance of 2.5 ohms and a reactance of 10 
ohms are connected in A across the terminals of the generator. 
If the terminal voltage is adjusted to its rated value to what will 
it rise when the coils are removed? 

(b) If the coils are connected in Y and the terminal voltage 
adjusted as before to what will it rise when the coils are removed? 

(c) What is the power output of the generator in each case? 

64 . In problem 63 if the open-circuit voltage of the generator 
is adjusted to 300 volts to w^hat wdll it fall when the coils are 
connected in A across the terminals? What is the power out- 
put of the generator? 

65 . A 3-phase, 1500-kv.-a., 5500-volt alternating-current 
generator delivers full-load current to an inductive load at 0.85 
power factor. The effective resistance and synchronous react- 
ance of this alternator are respective^ 0.36 and 6.5 ohms per 
phase. The armature -winding is Y-connected. With the field 
excitation unchanged what will be the terminal voltage if the 
alternator delivers its rated current to a condensive load at 0.85 
power factor? 

66. A special 6-pole, 60-cycle alternating-current generator 
has six similar and independent armature windings. The 
windings are equally spaced so that their voltages differ by 30 
degrees. 

On the basis of equal armature and field heating losses and of 
equal frequencies compare the rated outputs — kilovolt-amperes 
and terminal voltage — of this alternator when the windings are 
connected (1) for an open-coil single-phase winding and (2) for a 
2-phase winding. 

67 . (a) In problem 66 compare the rated outputs on the same 
basis when the windings are connected (1) for an open-coil single- 
phase winding and (2) for a 3-phase mesh winding. 

(b) Compare the rated outputs on the same basis when the 
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windings are connected (1) for an open-coil single-phase winding 
and (2) for a 3-phase star winding. 

68. In problem 66 compare the rated outputs on the same 
basis when the endings are connected (1) for a 2-phase winding 
and (2) for a 3-phase star winding. 

69. Concerning the alternator described in problem 51 the 

following additional data are given. The field current is sup- 
plied at 110 volts. The friction and windage loss is 310 watts at 
normal speedy and the core loss due to rotation is 480 watts for 
an armature generated voltage of 240. Assume that the core 
loss is constant. What is the efficiency of this alternator at the 
load described in problem 51? (1) Calculate the field current 

by the synchronous impedance method, (2) by the magneto- 
motive-force method. 

70. Concerning the alternator described in problem 52 the 
following additional data are given. The resistance of the field 
circuit is 0.516 ohm. The friction and windage loss is 6.2 kw. 
at normal speed. The core loss due to rotation is 11.0 kw. at 
2200 volts and may be assumed to vary as the square of the 
generated armature voltage. 

(a) What is the efficiency of this generator at the load de- 
scribed in problem 52? 

(b) WhsA is the efficiencj^ of this generator when delivering 
the same current at 0.80 power factor? 

Calculate the field current (1) by the general method and (2) 
by the magnetomotive-force method. 

71. Concerning the alternator described in problem 53 the 
following additional data are given. The resistance of the 
field circuit is 0.376 ohm. The friction and windage loss is 8.4 
kw. The core loss due to rotation is 20.2 kw. at 5500 volts, and 
should be assumed to var}- as the square of the generated arma- 
ture voltage. 

(a) What is the efficiency of the generator at the load de- 
scribed in problem 53? 

(b) What is the efficiency of this generator when delivering 
the same power at unit power factor? 

Calculate the field current (1) by the synchronous impedance 
method, and (2) by the magnetomotive-force method. 

72. The full-load capacity of a 3-phase, 25-cycle alternating- 
current generator is 850 kv.-a. at 5000 volts. The armature 
windings are connected in Y and have an effective resistance cf 
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0.398 ohm per phase. The synchronous reactance is 8.4 ohms 
per phase. With the armature short-circuited the armature 
current is 108 amperes when the field current is 50 amperes. 
The resistance of the field circuit is 0.82 ohm. The friction and 
windage is 7.6 kw. The core loss due to rotation is 20.2 kw. 
at 5200 volts and may be assumed to be constant. The open- 
circuit characteristic is given by the following data: 

Field ciurent Open-c ircuit terminal voltage 

125 5460 

150 5800 

175 6060 

What is the efficiency of this generator when delivering 10 per 
cent, overload current at 0.80 power factor (inductive) ? 

Calculate the field current (1) by the synchronous impedance 
method, and (2) by the magentomotive force method. 

73 . Concerning the alternator described in problem 54 the 
following additional data are given. The resistance of the field 
circuit is 0.37 ohm. The friction and windage is 19 kw. The 
core loss is given by: 


Terminal voltage on open circuit 

Core loss 

1360 

18.0 kw. 

2000 

36.5 kw. 

2480 

60.0 kw. 

What is the efficiency of this generator for the load described 
in problem 54? Calculate the field current (1) by the general 
method, (2) by the synchronous impedance method, and (3) by 
the magnetomotive-force method. 

74 . Concerning the alternator described in problem 58 the 
following additional data are given. The resistance of the field 
circuit is 0.541 ohm. The friction and windage loss is 9.2 kw. 

The core loss is given by: 


Terminal voltage on open circuit ; 

Core loss 

8,800 I 

7.5 kw. 

13,000 I 

16.6 kw. 

15,600 

25.4 kw. 

17,250 

33.5 kw. 


What is the efficiency of this generator for the load described 
in problem 58? 
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75, Concerning the alternator described in problem 59 the 
following additional data are given. The resistance of the field 
circuit is 0.549 ohm at 25° C. The temperature of the field 
under load conditions is 68° C. The friction and windage loss 
is 38 kw. The core loss is given by: 


Terminal voltage on open circuit ' 

Core loss 

4S00 

45 kw. 

6000 

73 kw. 

6600 

90 kw. 

7500 

123 kw. 


What is the efficiency' of this generator for the load described in 
problem 59? 

76. Two alternators of the same design are operating in 
parallel. The first delivers 980 kw. at 0.95 power factor, and 
the second 720 kw. at 0.73 power factor. What adjustments 
should be made to have these alternators operate under the best 
conditions? When these have been made what power will each 
deliver and at what power factor mil it operate? 

77. Two 3-phase alternators connected in parallel are driven 
by shunt motors whose speed load characteristics for particular 
field excitations are given by the following data: The speed of 
the first motor falls uniformly from 600 rev. per min. at no load 
to 530 rev. per min. at full load of 100 kw. on the alternator. 
The speed of the second motor falls uniformly from 590 rev. per 
min. at no load to 550 rev. per min. at full load of 100 kw. on the 
alternator. 

(a) For what load will the alternators divide the load equally? 

(b) l?\Tiat will be the load on each alternator when their com- 
bined load is 200 kw.? 

(c) What is the greatest load that can be delivered without 
o^'erloading either alternator? 

78. A 3-phase, 2200-volt alternator which is rated to deliver 
760 kv.-a. is connected in parallel through transformers with a 
3-phase, 5500-volt alternator which is rated to deliver 1500 
kv.-a. The first alternator has 64 poles and is driven by an 
engine whose speed falls from 94 rev. per min. at no load to 
91 rev. per min. at full load on the alternator. The second al- 
ternator has 72 poles and is driven by an engine whose speed falls 
from 83 rev. per min. at no load to 79 rev. per min. at full load 
on the alternator. 
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(a) What is the greatest combined load that the alternators 
can deliver without overloading either by more than 25 per 
cent.? 

(b) What is the load on each alternator when the first is run- 
ning at 91.6 rev. per min.? 

(c) What is the frequency when they are delivering a com- 
bined load of 2000 kw.? 

79 . Two 3-phase, 60-cycle alternating-current generators are 
operating in parallel The first has a capacity of 1000 and the 
second a capacity of 1500 kv.-a. The first is driven by a prime 
mover so adjusted that the frequency falls from 61 cycles at no 
load to 59.6 cycles at full load. The second has a different speed- 
load characteristic, the frequency falling from 61.4 cycles at no 
load to 59.2 cycles at full load. 

When these alternators are jointly delivering 2000 kw. what is 
the load on each? What is the frequency? If the speed-load 
characteristic of the second is shifted parallel to itself until the 
alternators divide this load properl}", what is the new value of the 
no-load frequency of this alternator? At what frequency will 
they now operate when delivering 2000 kw.? 

80 . Two 3-phase, 11,000-volt, 60-cycle alternating-current 
generators, operating in parallel, are driven by prime movers 
which have the same speed-load characteristic. The armature 
windings of the alternators are Y-connected and have an effective 
resistance of 0.94 ohm and a synchronous reactance of 36 ohms per 
phase. The total load supplied is 1700 kw. at 0.83 power factor. 
The excitations are adjusted so that the terminal voltage is 
11,000 volts and one of them is operating at unit power factor. 
What are the excitation voltages and the phase angle between 
them? 

81 . Two identical 3-phase, Y-connected alternators operating 
in parallel are driven by prime movers that have such dissimilar 
speed-load characteristics that when the first alternator is 
delivering 400 kw. at 0.8 power factor the second is running at 
no load, (a) If the excitations of the alternators are adjusted so 
that the terminal voltage is 5000 volts and the armature current 
of the second alternator is zero, what are the excitation voltages 
and their phase displacement? (b) If the excitations are adjusted 
so that the terminal voltage is 5000 volts and the total armature 
copper loss is reduced to its least value what current will each 
alternator deliver? The effective armature resistance and the 
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synchronous reactance of each alternator are respectively 0.42 
and 12.4 ohms per phase. 

82. Two identical 3-phase alternators, connected in parallel, 
are driven by prime movers that have dissimilar speed-load 
characteristics. When the excitations of the alternators are 
equal the first delivers 100 amperes at 0.9 power factor (lagging) 
and the second, 75 amperes at 0.7 power factor (lagging). 

(a) T\liat per cent, of the total load does each alternator 
deliver? 

(b) What is the power factor of the load? 

(c) If the field excitations are adjusted so that both alter- 
nators operate at the same power factor what current will each 
deliver? 

(d) If the field excitations are adjusted so that the total 
armature copper loss is reduced to its least value at what power 
factor will each alternator operate? 

83. Two identical 2-phase alternators, connected in parallel, 
are driven by prime movers which have somewhat dissimilar 
speed-load characteristics. The first alternator delivers 3200 
kw. at 2210 volts and has an armature current of 760 amperes, 
while the second delivers 3700 kw. at 2210 volts and has an 
armature current of 1100 amperes. The effective armature 
resistance and the synchronous reactance of each alternator are 
respectively 0.0256 and 0-72 ohms per phase. The excitations 
of the alternators are now adjusted so as to reduce the total 
armature copper loss to its least value, but the terminal voltage 
is maintained at 2210 volts. 

(a) At what power factor will each alternator be operating? 

(b) What is the reduction in the total armature copper loss? 

(c) What is the change in the copper loss of each alternator? 

84. Two identical 3-phase alternators, operating in parallel 
on a balanced load, are driven by prime movers with different 
speed-load characteristics. The power output of each alter- 
nator is measured by two wattmeters- Show that when the 
differences between the wattmeter readings for each alternator 
are the same the total armature copper loss is reduced to its least 
value for the given load. 

85. Two dissimilar Y-connected alternators, operating in 
parallel, supply a load of 1500 kw. at 0.85 power factor and a 
terminal potential difference of 5000 volts. The alternators 
being of the same capacity are adjusted to deliver equal loads. 
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The effective armature resistances are respective!}' 0.40 and 0.52 
ohm per phase. 

What should be the armature current of each alternator in 
order that their combined armature copper loss will be reduced 
to its least value? 

86. An alternator which has a capacity of 1650 kv.-a. is 
operated in parallel vdth one which has a capacity of 1000 kv.-a. 
Their armature resistances are 1.56 ohms and 2.08 ohms re- 
spectively. For a combined load of 2200 kw. at 0.83 power 
factor what load should each deliver and at what power factor 
should it operate if the current and power outputs are propor- 
tional to their ratings? With this division of the load the excita- 
tions are adjusted so that the combined armature copper loss 
is reduced to a minimum. At what power factor should each 
alternator operate for this latter condition? 

87. Two identical 3-phase, Y-connected alternators are ope- 
rating in parallel with a common potential difference of 2200 
volts. The effective armature resistance and the s^mchronous 
reactance of these alternators are respectively 0.158 and 2.12 ohms 
per phase. The characteristics of the prime movers are so dis- 
similar that of the total load of 1500 kw. at 0.85 power factor 
the first alternator supplies 840 kw. The excitations of the 
alternators are adjusted so that both are operating at the same 
power factor. What are their excitation voltages and the phase 
displacement between them? 

88. Two identical 3-phase, Y-connected alternators, operat- 
ing in parallel, are driven by prime movers which have the same 
speed-load characteristic. The effective armature resistance 
and the synchronous reactance of the alternators are respec- 
tively 2.18 ohms and 62 ohms per phase. 

The alternators supply 1830 kw. at 13,800 volts to an induction 
motor load that is operating at 0.83 power factor. The excita- 
tions of the alternators are adjusted so that the first supplies a 
current of 40 amperes, lagging. 

(a) What current does the second alternator supply? 

(b) What are the excitation voltages of the alternators and 
their phase displacement? 

89. Two identical 3-phase, Y-connected alternators, operating 
in parallel, are driven by prime movers that have the same speed- 
load characteristic. The alternators are rated to deliver 1000 
kv.-a. at 2400 volts. The effective armature resistance and the 
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synchronous reactance are respectively 0.067 and 1.64 ohms per 
phase. Assume that the rotational losses, both core loss and 
friction, are constant and equal, 

(a) If these alternators are delivering 2000 kw. at unit power 
factor and their rated voltage, by what amount can the load be 
shifted from one to the other if their field excitations are adjusted 
so that there is an interchange current equal to the full-load 
current, viz., 240 amperes? 

(b) If these alternators are delivering 1500 kw. at 0.75 power 
factor and their rated voltage, b^" what amount can the load be 
shifted from one to the other if their field excitations are adjusted 
so that there is an interchange current equal to the full-load cur- 
rent, viz., 240 amperes. 

90. The alternators described in problem 89 are operating in 
parallel with non-inductive resistances of 0.8 ohm inserted in 
each phase of each alternator. 

(a) If the alternators are jointly delivering 2000 kw. at unit 
power factor and their rated voltage to a load by what amount 
can this load be shifted from one to the other if the excitations 
are adjusted so that there is an interchange current equal to the 
full-load current, viz., 240 amperes? 

(b) If the alternators are jointly delivering 1500 kw. at 0.75 
power factor and their rated voltage to a load, by what amount 
can this load be shifted from one to the other if the excitations 
are adjusted so that there is an interchange current equal to 
the full-load current, viz., 240 amperes? 

91. Two identical 3-phase alternators, rigidly coupled together 
so that their excitation voltages are in phase, are driven by 
a shunt motor. The effective armature resistance and the 
synchronous reactance of each alternator are respectively 0.302 
and 4,36 ohms per phase. The terminals of the alternators are 
electrically connected as they would be for parallel operation but 
no external load is supplied. When the field excitations are ad- 
justed so that the excitation voltages are respectively 200 and 
300 volts per phase, what is the armature current? If the 
armature windings are connected in delta what is the terminal 
voltage? What is the electrical output of the alternator 
which is acting as a generator? If the rotational losses are 
supplied by the shunt motor what is the mechanical output of 
the alternator which is acting as a motor? If the rotational 
losses are 1620 watts what power does the shimt motor supply? 
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92 . If the alternators described in problem 91 are meeliariically 
coupled together so that their excitation voltages differ in phase 
by 30 degrees what will be the armature current when the 
excitation voltages are each 300 volts? What is their terminal 
voltage? What is the electrical output of the alternator which is 
acting as a generator? If the rotational losses are supplied by 
the shunt motor what is the mechanical output of the alternator 
which is acting as a motor? What power does the shunt motor 
supply if the rotational losses are 1620 watts? 

93 . Two identical, Y-connected, 60-cycle alternators are 
rigidly coupled together and are driven at their rated speed of 
1200 rev. per min. The alternators have revolving fields and 
the coupling is so made that the north poles of the first are 10 
degrees (mechanical) ahead, ^.e., in the direction of rotation, of 
the corresponding north poles of the second. The corresponding 
terminals are connected through non-inductive resistances of 
1.5 ohms each. The effective armature resistance and the 
synchronous reactance of each alternator are respectively 0.302 
and 4.36 ohms per phase. The field currents are adjusted so 
that the excitation voltages are respectively 200 and 300 volts 
per phase. What is the current? What is the electrical out- 
put of the alternator which is acting as a generator? If the 
rotational losses are supplied by the driving motor what is the 
mechanical output of the alternator which is acting as a motor? 
If the rotational losses are 1620 watts what is the output of the 
driving motor? 

94 . Two identical, 3-phase, Y-eonnected alternators, rigidly 
coupled to the same prime mover, are operating in parallel and 
supply 1500 kw. at 0.83 power factor and a terminal potential 
difference of 5000 volts. The effective armature resistance and 
the synchronous reactance of each alternator are respectively 
0.42 and 12.4 ohms per phase. The mechanical coupling is so 
made that the excitation voltages are in phase, and the field 
currents are adjusted so that one of these voltages is 50 per cent, 
greater than the other. What is the output of each alternator? 

95 . Two 3-phase, Y-connected alternators, each of which is 
rated to deliver 760 kv.-a. at 2200 volts, are rigidly coupled to the 
same prime mover. Each of these alternators has 64 field poles, 
an effective armature resistance of 0.172 ohm and a synchronous 
reactance of 2.12 ohms per phase. With equal field excitations 
they operate at full load with undue heating and on examination 
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it is found that their corresponding field poles are displaced by 
an angle of 1 degree and 6 minutes. 

(a) When they deliver 1500 kw. at 0.87 power factor and 
their rated voltage, what is the output of each alternator if the 
field excitations are equal? 

(b) If this displacement of the field poles is reduced to zero 
what will be the reduction in the armature copper loss of each 
alternator? The load delivered is still 1500 kw. at 0.87 power 
factor and their rated voltage. 

96 . Two identical, 2-phase, 37o0-kv.-a. water-wheel genera- 
tors, operating in parallel, are driven by prime movers which have 
the same speed-load characteristic. The effective armature resis- 
tance and the synchronous reactance of these alternators are 
respectively 0.0254 and 0.72 ohms per phase. The alternators 
are jointly delivering 7500 kw. at unit power factor and their 
rated terminal potential difference of 2200 volts. The excita- 
tions are equal. 

Instantaneous records show that due to hunting the maximum 
displacement of their excitation voltages is 30 degrees. What is 
the synchronizing power at the time of maximum displace- 
ment? What is the maximum value of the effective armature 
current? 

97 . If the alternators described in problem 96 are jointly 
delivering 5250 kw. at 0.7 power factor and their rated voltage 
to an inductive load, what is the synchronizing power at the 
time the displacement of their excitation voltages is 30 degrees? 
What are the effective armature currents at this time? 

98 . If the alternators described in problem 96 are jointly 
delivering 5250 kw. at 0.7 power factor and their rated voltage 
to a condensive load, what is the synchronizing power at the 
time the displacement of their excitation voltages is 30 degrees? 
What are the effective armature currents at this time? 

99 . Two identical 3-phase, Y-connected alternators, each of 
which is rated to deliver 1640 kv.-a. at 13,500 volts are operating 
in parallel. The speed-load characteristics of the prime movers 
are the same and the load requires 70 amperes from each alter- 
nator at 0.83 power factor and the rated voltage. The effective 
armature resistance and the synchronous reactance of the alter- 
nators are respectively 1.52 ohms and 31.4 ohms per phase. 
Oscillograph records show that due to hunting the greatest 
value of the effective armature current is 87 amperes. 
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What is the maximum displacement between the excitation 
voltages? 

What is the synchronizing power at this maximum displace- 
ment? 

Note I. In calculating the armature reaction it is recommended to use 
NI XI 

0.707k -p- for turbo-alternators and 0.7ok -p- for salient pole machines, k 

is the total reduction factor for breadth and pitch, and ^ represents the 
armature ampere-turns per pole. 

Note II. See ‘‘Principles of Alternating Current Machinerj^,” by R. R. 
Lawrence, pages 106-115. 



CHAPTER III 


SYNCHRONOUS MOTORS 

1. A 3-phase j 60-cyclej A-connected alternating-current 
generator is rated to deliver 15 kv.-a. at 230 volts. The field 
structure has 6 poles each of which is wound with 398 turns. 
The armature core has 4 slots per pole per phase with 8 inductors 
in series per slot. Each inductor is 5 in. long. The hot resist- 
ance of the armature measured between any two terminals is 
0.126 ohm. The effective resistance is 1.6 times the ohmic 
resistance. In calculating the leakage reactance assume 8 
leakage lines per ampere per inch of inductor. The open- and 
short-circuit characteristics are given by the following data: 


Field current 

Open circuit 

Short circuit 

Terminal voltage i 

Armature current 

2.0 

104 1 

22 

4.0 

199 ! 

44 

5.0 

240 

55 

6.0 

275 


7.5 

315 



This generator is running as an overexcited synchronous motor 
and receives 15 kw. at its rated voltage and 0.8 power factor. 

(a) Calculate the field current by the general method. 

(b) Calculate the field current by the synchronous-impedance 
method. 

(e) Calculate the field current by the magnetomotive-force 
method- 

2. A 3-phase, 5000-volt, 25-cycle synchronous motor has a 
full-load capacity of 1100 h.p. The field structure consists of 32 
poles each of which is wound with 79.5 turns. The armature 
core has 192 slots mth 14 inductors in series per slot. The 
armature winding is Y-connected. The effective resistance of 
the armature winding is 0.38 ohm per phase. In calculating the 
leakage reactance, assume 75 leakage lines per ampere per 
inductor. The open- and short-circuit characteristics are given 
by the following data: 


52 
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Field ampere- 

Open circuit 

Short circuit 

turns per pole 

Terminal voltage 

Armature current 

4,000 

3200 

108 

6,000 

4330 

162 

10,000 

5460 


12,000 

5S00 


14,000 

6060 



This motor receives 760 kw. at its rated voltage and 0.83 power 
factor. The excitation is less than normal. 

(a) Calculate the field current by the general method. 

(b) Calculate the field current by the synchronous-impedance 
method. 

(c) Calculate the field current b}^ the magnetomotive-force 
method. 

3. A 3-phase, 5500-volt, 50-cyele synchronous motor has a 
full-load capacity of 2000 h.p. The field structure has 72 
poles each of w’hich is wound with 35 turns. The armature core 
has one slot per pole per phase wdth 12 inductors per slot. The 
armature winding is connected in Y. The armature resistance 
measured between any two terminals is 0.536 ohm, and the ratio 
of effective to ohmic resistance is 1.35. In calculating the 
leakage reactance assume 67 leakage lines per inductor per 
ampere. The data for the open- and short-circuit characteristics 
are: 


Field current 


150 

200 

250 

300 

350 


Open circuit Short circuit 

Terminal voltage Armature current 

5900 400 

6500 i 

6800 ; 

7100 


This motor receives 960 kw. at its rated voltage and 0.68 power 
factor. The excitation is greater than normal. 

(a) Calculate the field current by the general method. 

(b) Calculate the field current by the synchronous-impedance 
method. 

(c) Calculate the field current by the magnetcmotive-force 
method. 

4. A 3-phase, 2200-volt, 50-cycle synchronous motor is rated 
to deliver 1000 h.p. when operating at unit power factor. The 
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field structure has 64 poles each of which is wound with 50 turns. 
The resistance of the field circuit is 0.516 ohm. The armature 
core has 384 slots \^ith 3 inductors in series per slot. Each in- 
ductor is 10 in. long. The hot resistance of the armature meas- 
ured between terminals is 0.264 ohm. The ratio of effective 
to ohmic resistance is 1.3. In calculating the leakage reactance 
assume 6.5 lines per ampere per inch of inductor. The armature 
windings are coimected in Y. The open- and short-circuit 
characteristics are given by the following data: 

Open circuit Short circuit 

Terminal voltage Armature current 

1450 i ^5 

1840 I 280 

2220 

2860 ^ 

3380 


Field current 

_ 

50 

60 

SO 

100 


The rotational losses at normal voltage are 17.2 kw. 

This motor deliveres 1000 h.p. and the excitation greater than 
normal and is adjusted so that it is operating from a 2200-volt 
circuit at a power factor of 0.93. 

(a) Calculate the voltage impressed on the field circuit. Use 
the general method. 

(b) Calculate the voltage impressed on the field circuit. Use 
the synchronous-impedance method. 

(c) Calculate the voltage impressed on the field circuit. Use 
the magnetomotive-force method. 

5. A 2-phase, 10,000-volt synchronous motor is rated to deliver 
4500 h.p. when operating at unit power factor. The armature 
has an effective resistance of 0.64 ohm per phase. The open- 
and short-circuit characteristics are given by the following data: 


^ Open circuit i Short circuit 

Terminal voltage j Armature current 

100 7,700 i 220 

200 10,200 i 430 

250 j 10,900 


300 11,500 

375 I 12,200 


This motor is delivering 3760 h.p. with an efficiency, exclusive 
of field loss, of 95.6 per cent., and the field current is adjusted 
so that it takes a leading current at 0.91 power factor. 
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(a) Calculate the field current by the synchronous- impedance 
method. 

(b) Calculate the field current by the magnetomotive-force 
method. 

6. The full-load capacity of a 3-phase, 13,o00-volt, synchro- 
nous motor is 2200 h.p. The armature windings, which are 
connected in Y, have an effective resistance of 1.52 ohm per 
phase. The open- and short-circuit characteristics are given by 
the following data: 


Field current 

Open circuit 
Terminal voltage 

Short circuit 

.Armature current 

50 

7,500 

7o 

100 

10,100 

1.55 

150 

14,700 


200 

15,800 


250 

16,700 



Calculate the field current by the synchronous impedance 
method when this motor receives 1640 kv.-a. at 0.75 power 
factor, (a) with excitation greater than normal, (h) with excita- 
tion less than normal. 

7. The synchronous motor described in problem 6 receives 
1250 kw. at 0.75 power factor. 

Calculate the field current by the magnetomotive-force 
method (a) with excitation greater than normal. (In with excita- 
tion less than normal. 

8. Concerning the alternator described in problem 1 the fol- 
lowing additional data are given: The field current is supplied 
at 110 volts. The friction and windage loss is 310 watts at 
normal speed. The core loss is 280 watts. 480 watts, and 610 
Wyatts for generated armature voltages of 199 volts, 240 volts, 
and 275 volts respectively. 

What is the efficiency of this generator when it is running as 
an overexcited synchronous motor and receives 15 kw. at 0.8 
power factor? 

Calculate the field current fa) by the general method, (b) by 
the synchronous-impedance method, and (c) by the magneto- 
motive-force method. 

9. Concerning the synchronous motor described in problem 2 
the following additional data are given: The resistance of the 
field circuit is 0.82 ohm. The friction and windage loss at 
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normal speed is 7.6 kw. The core loss due to rotation is 22.3 
kw. at 5460 volts and may be assumed to var}" as the square of 
the generated armature voltage. What is the efficiency of 
this motor under the conditions described in problem 2? 

Calculate the field current (a) by the general method, (b) by 
the synchronous-impedance method, and (c) by the magneto- 
motive-force method. 

10. Concerning the synchronous motor described in problem 
3 the follovdng additional data are given. The field circuit has 
a resistance of 0.376 ohm. The friction and windage loss is 8.4 
kw. The core loss due to rotation is 20.2 kw. at 5500 volts and 
may be assumed to vary as the square of the generated armature 
voltage. What is the efficiency of this motor under the conditions 
described in problem 3 ? 

Calculate the field current (a) by general method, (b) by the 
synchronous-impedance method, and (c) by the magnetomotive- 
force method. 

11. A 3-phase, 2200-volt sjmchronous motor is rated to 
deliver 1000 h.p. when operating at unit power factor. The 
armature windings, which are connected in Y, have an effective 
resistance of 0.172 ohm per phase. The resistance of the field 
circuit is 0.576 ohm. The friction, vdndage and core losses are 
17.2 kw. and may be assumed constant. The open- and short- 
circuit characteristics are given by the following data: 


Field current 

Open circuit 

Short circuit 

Terminal voltage 

Armature current 

40 

1450 

1 225 

50 j 

1840 

280 

60 I 

2220 


1 

80 ; 

2860 


100 

3380 i 




What is the efficiency of this motor when it delivers 960 h.p. and 
is operating at 0.83 power factor from a 2200-volt circuit (a) if 
the excitation is greater than normal, (b) if the excitation is less 
than normal? 

Calculate the field current by the synchronous impedance 
method. 

12. A 2-phase, 2200-volt synchronous motor has a full-load 
capacity of 5000 h.p. when operating at unit power factor. The 
armature has an effective resistance of 0.0255 ohm per phase. 
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The resistance of the field circuit is 0.37 ohm. The friction and 
windage loss is 19.0 kw. The core lo.ss due to rotation is 45.2 
kw. at 2200 volts and may be assumed constant. The open- 
and short-circuit characteristics are given by the following data: 


Field current 


Open circuit 
Terminal voltage 


Short, circuit 
Armature current 


66.7 

133.0 

200.0 

267.0 

300.0 


6S0 

1360 

2000 

2480 

2660 


600 

1210 


What is the efficiency of this motor when it receives 3200 kw. 
at 0.80 power factor fa) if the excitation is greater than normal, 
(b) if the excitation is Ie.ss than normal? 

Calculate the field current by the magnetomotive-force 
method. 

13. The following test data are given on al340-h.p., 11,000- 
volt, 3-phase synchronous motor. The armature effective resist- 
ance is 0.94 ohm per phase, and the resistance of the field winding 
is 3.11 ohms. The armature windings are connected in Y. 


Field Open circuit ter- Core loss Terminal voltage 

current minal voltage O’; and V for /a =60, PF -0 

~ 20 8400 11,600 ^ . . . . . . . y. rrr 

30 11,000 19,400 

40 12,700 25,600 

50 13, .800 9,SOO 

60 14,700 11,100 

70 15,500 r>,l(X) 


The friction and windage loss is 12.1 h.p. 

What is the efficiency of this motor when it receives 68 amperes 
per terminal at 11,550 volts if the excitation is greater than 
normal and is adjusted so that the power factor is 78.4 per cent.? 

14. The following test data are given on a 6500-h.p., 6600- 
volt, 3-phase synchronous motor. The effective resistance of 
the armature winding is 0.081 ohm per phase, and the resistance 
of the field winding is 0.549 ohm. The armature windings are 
connected in Y. 
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Field 

Open circuit ter- 

Core loss 

1 Terminal voltage 

current 

minai voltage 0’) 

and T’ 

la 

= 438, PF = 0 

100 

4S00 

45 kw. 

i 

1 

1750 

150 

6470 

So kw. 

I 

4200 

200 

7400 

120 kw. 

I 

5700 

250 

7930 


.1 

6600 

27.5 

S150 


^ 1 

6900 

The friction and windage lo 

3S is 62.8 h.p. 



What 

is the efficiency of this motor "when it receives 450 

amperes 

at unit power factor, 

and its rated 

voltage? 

15. The following test data 

are given on 

a 1340-h.p., 13,800- 

volt, 3-phase synchronous motor. The 

armature windings, 

which are connected in Y, have an effective resistance of 2.18 

ohms per phase. The resistance of the field circuit is 0.541 ohm. 

Field 

Open circuit ter- 

Terminal voltage 

Core loss 

current 

minai voltage (T’) 

/a = 42, PF=0 

and V 

50 

i S,SOO 



7.5 

SO 

13,000 



16.6 

no 

15,600 

10,750 


25.4 

140 

17,250 

; 13,250 


33.5 

ISO 

IS, 900 

15,600 




The friction and windage loss is 11.2 h.p. 

What is the efficiency of this motor wffien it delivers 1200 h.p. 
if the excitation is greater than normal and is adjusted so that 
the motor takes an armature current of 47.6 amperes at a 
terminal voltage of 13,500 volts? 

16. A si^mchronous motor, wffiose armature windings are 
connected in Y, has an effective resistance of 0.94 ohm and a 
synchronous reactance of 36 ohms per phase. This motor 
receives a line current of 60 amperes at a terminal potential 
difference of 11,000 volts and the excitation is adjusted so that 
the power factor is 0.85. 

What power does the motor receive? What is the exci- 
tation voltage (a) if the excitation is greater than normal, 
(b) if the excitation is less than normal? 

17, A 2-phase synchronous motor has an effective armature re- 
sistance of 0.64 ohm and a synchronous reactance of 13.7 ohms 
per phase. The motor receives 3000 kw. at a line potential 
difference of 10,000 volts and the excitation adjusted so that 
the line current is 200 amperes. 
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At what power factor i.s thi< motor operating? What i.- the 
excitation voltage if the exeitatioii is greater than normal, 
(b) if the excitation is less than normal? 

18. A oOOO-h.p. synelironous motor is operatecl from a 2200- 
volt, 2-phase circuit. The effective resistance of the armature 
is 0.0254 ohm per phase. The field winding has 00 turns per pole 
and a total resistance of 0.37 ohm. 

Short L'iri'iiit arinatiire 
('iirrent 

nan 

12IU 


At no load this motor takes 67.5 kw. at 2200 volts wlien the 
excitation is adjusted so that it operates at O.SO power factor. 
How much must the excitation be increased in order that the 
motor wull deliver its rated load and operate at this same power 
factor? Use the magnetomotive-force method for calculating 
the field current. 

19. A 3-phase synchronous motor, whose armature windings 
are connected in A, has an effective resistance of 0.302 ohm and 
a synchronous reactance of 4.36 ohms per phase. Tiiis motor 
receives a line current of 40 amperes at 230 volts and the field 
current is adjusted so that the excitation voltage is 310 volts. 

What power does the motor receive? At what power factor 
is it operating? 

20. A 2400-volt, 3-phase, synchronous motor has a full-load 
capacity of 1340 h.p. The effective resistance of the armature 
is 0.067 ohm per phase and the synchronous reactance is 1.64 
ohms per phase. The armature windings are connected in Y. 
The resistance of the field circuit is 0.427 ohm. The rotational 
losses at normal voltage are 20.6 kw. 

This motor is operated from a 2400-volt circuit at 0.S2 power 
factor and is delivering 1220 h.p. What is the line current, 
and what is the necessary excitation voltage? Calculate the 
excitation, voltage for l)oth under- and overexcitation. 

21. A 135-h.p. synchronous motor is operated from a 480-volt, 
2-phase circuit. The effective resistance of the armature is 
0.135 ohm per phase at normal running temperature. The 
rotational losses at normal voltage are 5.7 kw. 


Ampere turns per 
pole 

12,(J00 

iG,ooe 

18,000 


Open eirriiit teniiiriui 
volt a ire 
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^ Terminal voltage on open Armature current on 
Field current • -I i 

circuit snort circuit 

10 397 I 158 

1 7 527 

25 600 : 

35 655 

With the greatest -allowable excitation the motor takes a 
current of 135 amperes when delivering its rated load. At what 
power factor does it then operate? What is the field current? 
Use what you consider the best method for calculating the field 
current. 

22 . A 3-phase synchronous motor, whose armature vdndings are 
connected in Y, has an effective resistance of 0.172 ohm and a 
synchronous reactance of 2.12 ohms per phase. This motor 
receives 750 kw. at a line potential difference of 2200 volts, 
and the field current is adjusted so that the excitation voltage 
is 2800 volts. 

What is the line current? At -what power factor is the motor 
operating? 

23 . A 2200-volt, 2-phase synchronous motor has a full-load 
capacity of 5000 h.p. The full-load efficiency of the armature, 
with the field current adjusted for unit power factor, is 96.1 per 
cent. The armature winding has an effective resistance of 
0.025 ohm and a synchronous reactance of 0.72 ohms per phase. 
The motor receives a constant power of 3000 kw. at 2200 volts. 
If the current is limited to 130 per cent, of its full-load value, 
what is the greatest allowable excitation voltage? At what 
power factor would the motor be operating? 

24 . A 3-phase, 13,500-volt synchronous motor is rated to 
deliver 2200 h.p. when operating at unit power factor. The 
armature has an effective resistance of 1.52 ohms per phase. 
The armature mndings are connected in Y. 


Field current 

Open circuit terminal 
voltage 

Short circuit armature 
current 

50 

7,500 


75 

100 

I 10,100 


1 155 

150 

1 14,700 


227 


The rotational losses at normal voltage are 68 h.p. 

If the maximum allowable current is 125 per cent, of the full- 
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load current over what range should it be possible to vary the 
field current when the motor is delivering a constant load of 
2000 h.p.? Use the magnetomotive-force method for calculat- 
ing the field current. 

25. A S-phase. 230-volt, synchronous motor, whose armature 
windings are connected in A, has an effective resistance of 0.302 
ohm and a synchronous reactance of 4.36 ohms per phase. The 
rotational losses are 750 watts and may be assumed constant. 
The motor delivers a constant load of 20 h.p. What is the 
least excitation voltage with which the motor will run? What 
is the armature current at the instant of breakdown? 

26. A 1340-h.p., 3-phase synchronous motor receives a con- 
stant power of 860 kw. from an 11,000-volt circuit. The arma- 
ture \nndings. which are connected in Y, have an effective 
resistance of 0.94 oimi and a synchronous reactance of 36 ohms 
per phase. 

Over what range can the excitation voltage be varied so that 
the current will not exceed 135 per cent, of its full-load value, 
which is 62.5 amperes? 

27. A 3-phase, 5000-volt synchronous motor, whose armature 
windings are connected in Y, has an effective resistance of 0.40 
ohm and a synchronous reactance of 10.4 ohms per phase. The 
rotational losses are 30 kw. and may be assumed constant. The 
greatest excitation voltage that can be obtained is 3520 volts per 
phase. 

When the motor is delivering its full load of 1100 h.p. over 
what range can the power factor be varied? What is the arma- 
ture current at each of the limiting conditions? Compare these 
with the full-load armature current. 

28. Neglecting the field copper loss, the efficiency of a 2200- 
h.p., 3-phase s^mchronous motor is 96.0 per cent, at full load 
when the motor is operating at unit power factor. Assume that 
the rotational losses are constant. The armature windings, 
which are connected in Y, have an effective resistance of 1.52 
ohms and a synchronous reactance of 37.4 ohms per phase. 
With the motor delivering 2000 h.p. the field current is adjusted 
so that the motor takes a leading current of 85 amperes from a 
13,500-volt constant potential circuit. 

(a) At what power factor is the motor operating? What is 
the excitation voltage? 

(b) If this load is thrown off what current will the motor take, 
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and at what power factor will it be operating? The excitation 
is unchanged. 

29. The rotational losses of a 1340-h.p., 2400-volt, 3-phase 
SN'iichronous motor are 43 h.p., and may be assumed constant. 
The armature windings, which are connected in Y, have an 
effective resistance of 0.067 ohm and a synchronous reactance 
of 1.64 ohms per phase. 

(a) What is the least power factor at which the motor can be 
operated at no load so that the current will not exceed 135 per 
cent, of its full-load value? If the motor is overexcited what is 
the excitation voltage? 

30 . When operating at unit power factor the full-load losses 
of a 1100-h.p., 5000-volt, S-phase synchronous motor are: 
Armature copper loss =13.9 kw: Field copper loss =18.6 kw: 
Rotational losses = 27.8 kw. Assume that the rotational losses 
are constant. The armature windings, which are connected in 
Y, have a synchronous impedance of 12.4 ohms per phase. 

If the current is limited to 130 per cent, of its full-load value 
what is the least power factor at which this motor can be oper- 
ated when it is delivering full load? What is the necessary 
excitation voltage if the motor is overexcited? 

31. The synchronous motor described in problem 14 is rated 
to deliver 6500 h.p. when operating at unit power factor. If 
the maximum allowable current is 130 per cent, of its full-load 
value what is the least power factor at which it can operate when 
delivering its rated load? What is the greatest allowable value 
of the field current at full load under this condition? 

32 . A 20-h.p., 230-volt, 3-phase synchronous motor has an 
effective resistance of 0.302 ohm and a synchronous reactance of 
4.36 ohms per phase. The armature windings are connected 
in A. The rotational losses are 750 watts and may be assumed 
constant. 

With the maximum excitation voltage of 315 volts at what 
load will this motor break down? Compare the current at 
breakdown with the full-load current for normal excitation. 

33 . If the ratio of resistance to synchronous reactance is 
increased to 0.30 by inserting equal resistances in series with 
each phase of the s\mchronous motor what will be the results 
called for (a) in problem 25; (b) in problem 26; (c) in problem 
27; (d) in problem 29; (e) in problem 30; (f) in problem 32. 

34 . A 3-phase synchronous motor receives line currents of 
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226 amperes at a terminal potential difference of 21S0 volts and 
delivers 812 ii.p. The no-load rotational losses are 23 h.p., and 
may be assumed constant. The armature windings, whieli are 
Y-connected, have an effective resistance of 0.172 ohm and a 
synchronous reactance of 2.12 ohms per phase. 

At what power factor is the motor operating? Xeglecting the 
field copper losses, what is the efficiency? 

35 . At no load a 3-phase synchronous motor takes line currents 
of 1.52 amperes at 11,000 volts if the field current is adjusted for 
a minimum armature current. The armature windings, which 
are connected in Y, have an effective resistance of 0.94 ohm and 
a synchronous reactance of 36 ohms. 

When the motor receives 960 kw. at 11,000 volts and the 
excitation is adjusted so that the line current is 72 amperes, what 
is the output? If the excitation is greater than normal, what is 
the excitation voltage? 

36 . The no-load rotational losses of a 1340-h,p., 3-phase syn- 
chronous motor are 34.6 kw. The armature windings are con- 
nected in Y and have an effective resistance of 0.067 ohm and a 
synchronous reactance of 1-64 ohms per phase. This motor is 
operated from a 2400-volt circuit and when delivering its rated 
output the excitation is adjusted so that the motor takes a leading 
current of 0.S3 power factor. 

What is the power input? What is the excitation voltage? 

37 . At no load a 150-h.p., 2-phase synchronous motor takes 
7.6 kw. at 4S0 volts when the excitation is adjusted for a minimum 
armature current. Under load this motor takes lOS amperes at 
485 volts when the excitation isadjusted so that the power factor 
is 0.78. The effective resistance of the armature is 0.118 ohm 
and the synchronous reactance is 2.13 ohms. 

What is the output? What is the excitation voltage (a) if 
the field current is greater than normal? (b) if the field current 
is less than normal? 

38 . A 3-phase, 6600-volt synchronous motor is operated at 
its rated voltage and delivers its rated output of 6500 h.p. 
In order that the motor shall take a large leading current the 
field current is adjusted for an excitation voltage of 8100 volts. 
The no-load rotational losses are 138 kw. and may be assumed 
constant. The armature windings are connected in Y and have 
an effective resistance of 0.081 ohm and a synchronous reactance 
of 2.2 ohms. 
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What is the power factor? What current does the motor 
take? 

39. A 2-phase, 10,000-YoIt synchronous motor has a rated 
capacity of 4500 h.p. The armature has an effective resistance 
of 0.64 ohm and a synchronous reactance of 13.7 ohms per phase. 
At no load with an excitation greater than normal the motor 
takes 74 kw’. at 10,000 volts and the line current is 41 amperes. 

With the field excitation unchanged what current will the 
motor take w'hen it is delivering its rated output? At what 
power factor will the motor be operating? 

40- At the end of a 3-phase transmission line are induction 
motors which take a total load of 1200 kw^ at 0.87 power factor. 
An additional load of 600 h.p. should be provided for. Find the 
kilovolt-ampere capacity of a synchronous motor that will 
supply this load and will at the same time make it possible to 
adjust the power factor of the entire load to unity. Assume that 
the efficiency of the synchronous motor is 92 per cent. 

41. An induction motor load at the end of a 3-phase trans- 
mission line takes 6000 kw. at 0.60 power factor. A synchronous 
motor is operating in parallel \\dth the induction motors in order 
to improve the power factor. The motor has a full-load capacity 
of 6500 h.p. when operating at unit power factor from a 6600-volt 
circuit. The armature windings, which are connected in Y, have 
an effective resistance of 0.081 ohm per phase. The synchronous 
impedance is 2.57 ohms per phase. The friction and windage 
losses are 62.8 h.p. and the core losses at normal voltage are 86 
kw. The latter may be assumed to be constant. The synchro- 
nous motor is operated so that the resultant power factor of the 
load is 0.90, and the line voltage is 6600 volts. If the current 
is limited to 125 per cent, of its full-load value what is the 
greatest power that the synchronous motor can supply? What 
is the necessary excitation voltage of the synchronous motor at 
this time? 

42. Induction motors at the end of a 3-phase transmission 
line deliver a total power of 3500 h.p. and operate at a resultant 
efficiency and powder factor of 90.6 per cent, and 0.65 respectively. 
The line voltage is 13,200 volts. A 1640-kv.-a. synchronous 
motor is operated in parallel with these motors to improve the 
power factor of the load, and to supply an additional load of 
1000 h.p. The armature windings of this synchronous motor 
are connected in Y and have an effective resistance of 1.52 ohms 
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per phase. The rotational losses at normal voltage are 57 h.p. 
and may be assumed to be constant. 


Field current 


50 

100 

150 

200 

250 


Open circuit terminal 

voltage 

7,500 

10,100 

14.700 
15,800 

16.700 


Short circuit armature 

current 

75 

155 

227 


At what per cent, of its rated capacity must the synchronous 
motor be operated so that the power factor of the entire load shall 
be 0.95 and the line voltage 13,200 volts? Calculate the neces- 
sary field current of the motor for this condition by the magneto- 
motive-force method. 

43 . A 1000-h.p. synchronous motor is operating at the end 
of a 3-phase transmission line which has a resistance of 0.58 ohm 
and a reactance of 0.64 ohm per conductor. The motor is over- 
excited so that it takes a line current of 216 amperes at a power 
factor of 0.82, and with a line potential difference of 2210 volts. 

What is the line voltage at the generating station? What is 
the efficiency of transmission? 

44 . A synchronous motor operating at the end of a 3-phase 
transmission line takes a constant power of 1500 kw. The 
resistance and reactance of the line are respectively 2.2 ohms and 
2.6 ohms per conductor. The line voltage at the generating 
station is maintained at 5740 volts. The excitation of the 
motor is adjusted so that the line loss has its least possible value. 

What is the terminal voltage at the motor? What is the 
efficiency of transmission? 

45 . A sjmchronous motor operating at the end of a 3-phase 
transmission line which has a resistance of 3.6 ohm and a re- 
actance of 4-1 ohm per conductor takes a constant power of 
720 kw. from the line and the excitation is adjusted so that the 
line voltage is 5000 volts. The line voltage at the generating 
station is also maintained at 5000 volts. 

(a) What current does the motor take? At what power 
factor is it operating? 

(b) If the motor is Y-connected and has an effective resist- 
ance of 0.40 ohm and a synchronous reactance of 10.4 ohms per 
phase, what is the necessaiy’ excitation voltage? 
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46. A 1200-h.p. sj'iichronoiis motor is operated at the end of 
a 3-phase transmission line which has a resistance of 3.3 ohms 
and a reactance of 3.7 ohms per conductor. The line voltage 
at the generating station is 5000 volts, and the motor delivers 
energy to a constant load of 1000 h.p. The rotational losses of 
the motor are 29.8 kw. and may be assumed constant. The 
armature windings are connected in Y and have a resistance of 
0.40 ohm and a synchronous reactance of 10.4 ohms per phase. 

If the maximum allowable line current is 135 amperes what is 
the greatest possible terminal voltage at the motor? What is 
the necessary excitation voltage of the motor? 

47. At the end of a transmission line which has a resistance of 
12.2 ohms and a reactance of 17.4 ohms per conductor there is a 
synchronous motor which delivers a constant load of 1300 h.p. 
The armature windings of the motor, which are connected in Y, 
have an effective resistance of 0.94 ohm and a synchronous 
reactance of 36 ohms per phase. At no load with an impressed 
voltage of 11,000 volts the motor takes a current of 1.52 amperes 
when the field current is adjusted for unit power factor. The 
line voltage at the generating station is maintained constant at 
11,500 volts. 

If the line current is limited to 120 per cent, of its full-load 
value, which is 62.5 amperes, what is the least additional react- 
ance that should be inserted in each line so that a terminal poten- 
tial difference of 12,000 volts may be obtained at the motor? 
'ftTiat is the necessary excitation voltage of the motor in this 
ease? 

48. A 13,800-volt, 3-phase synchronous motor has a full-load 
capacity of 1350 h.p. The armature windings are connected 
in Y and have an effective resistance of 2.18 ohms and a syn- 
chronous reactance of 62 ohms per phase. At no load with an 
impressed voltage of 13,800 volts the motor takes 28.2 kw. at 
unit pow’er factor when the excitation is normal. This motor 
is operated at the end of a transmission line which has a resist- 
ance of 22 ohms and a reactance of 28 ohms per conductor. 
The line voltage at the generating station is maintained con- 
stant at 14,000 volts. 

When the motor is delivering 1200 h.p. what is the greatest 
potential difference at the motor if the armature current is 
limited to 125 per cent, of its full-load value? What is the neces- 
sary excitation voltage of the motor? 
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49. At the end of a 3-phaf?e transmission line wiiicli has a 
resistance of 0-62 ohm and a reactance of 0.64 ohm per eonduetor 
there is a synchronous motor wiiose armature windings are con- 
nected in Y and have an effective resistance of 0.172 oiiiri and a 
synchronous reactance of 2.12 ohms per phase. The rotational 
losses of the motor are 17.2 kw. and may be assumed constant. 

When instruments in the generating station indicate that the 
transmission line is receiving 780 kw. at 2250 volts and a power 
factor of 0.88 (leading), what is the output of the motor? What 
is the line voltage at the motor? 

50. A 3-phase transmission line has a resistance of 12.6 olmis 
and a reactance of 16.4 ohms per conductor. The generating 
station which delivers energy to this line maintains a constant 
line potential difference of 14,000 volts. At the end of the line 
there is a synchronous motor whose armature winding.s are 
connected in Y and have an effective resistance of 1.52 ohms 
and a synchronous reactance of 37.4 ohms per phase. The 
rotational losses of this motor are 36.8 kw. and ma}” be assumed 
constant. When the motor is delivering 2000 h.p. and the 
excitation voltage is adjusted to its greatest value of 16,700 
volts what is the terminal voltage of the motor? At what 
power factor is the motor operating? 



CHAPTER IV 


INDUCTION MOTORS 

1. A 2-pliase induction motor has a stator with 2 slots per 
pole per phase. There are 4 inductors in series per slot. The 
coil pitch is 4 slots. The effective value of the current in each 
phase of the stator winding is 7.07 amperes, and the current 
in phase two lags behind the current in phase one by 90 electrical 
degrees. Place the first slot in phase one at the extreme left 
of the paper and draw the zero lines to allow for a Tnaxirmim 
ordinate of 2 in. Use the following scales in these plots. 


AbseissiE Pole pitch = 3 in. 

Ordinates 40 ampere turns = 1 in. 


(a) Plot the distribution of the magnetomotive force in the 
air-gap due to the stator currents at the time that the current in 
phase one is a maximum. 

(b) Plot the distribution of magnetomotive force in the air- 
gap at one-eighth of a period later than in (a). 

(c) Plot the distribution of the magnetomotive force in the 
air-gap at one-quarter of a period later than in (a). 

2. A 2-phase induction motor has a stator with 4 slots per 
pole per phase. There are 4 inductors in series per slot. The 
coil pitch is 8 slots. The effective value of the current in each 
phase of the stator winding is 7.07 amperes, and the current in 
phase two l^s behind the current in phase one by 90 electrical 
degrees. Place the first slot in phase one at the extreme left of 
the paper and draw the zero lines to allow for a maximum or- 
dinate of 3 in. Use the following scales in this plots: 


At'seissae Pole pitch = 3 in. 

Ordinates 40 ampere turns = 1 in. 


(a) Plot the distribution of the magnetomotive force in the 
air-gap due to the stator currents at the time that the current in 
phase one is a maximum. 
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(b) Plot the distribution of magnetomotiveforce in theair-gap 
at one-eighth of a period later than in (a). 

(c) Plot the distribution of the magnetomotive force in the 
air-gap at one-quarter of a period later than in (a). 

3. A 3-phase induction motor has a stator %vith 2 slots per 
pole per phase. There are 4 inductors in series per slot. The 
coil pitch is 6 slots. The effective value of the current in each 
phase of the stator winding is 7.07 amperes, and the current 
in phase two lags behind the current in phase one by 120 elec- 
trical degrees and leads the current in phase three by the same 
amount. Place the first slot in phase one at the extreme left 
of the paper and draw the zero lines to allow for a maximum 
ordinate of 2 in. Use the following scales in these plots: 


Abscissa? Pole pitch = 3 in. 

Ordinates 40 ampere turns ~ 1 in. 


(a) Plot the distribution of the magnetomotive force in the 
air-gap due to the stator currents at the time that the current in 
phase one is a maximum. 

(b) Plot the distribution of the magnetomotive force in the 
air-gap at one-eighth of a period later than in (a). 

(c) Plot the distribution of the magnetomotive force in the 
air-gap at one-quarter of a period later than in (a). 

4. A 3-phase induction motor has a stator with 4 slots per pole 
per phase. There are 4 inductors in series per slot. The coil 
pitch is 12 slots. The effective value of the current in each 
phase of the stator winding is 7.07 amperes, and the current in 
phase two lags behind the current in phase one by 120 electrical 
degrees and leads the current in phase three by the same amount. 
Place the first slot in phase one at the extreme left of the paper 
and draw the zero lines to allow for a maximum ordinate of 
4 in. Use the following scales in these plots: 


Absciss®.. Pole pitch = 3 in. 

Ordinates 40 ampere turns = 1 in. 


(a) Plot the distribution of the magnetomotive force in the air- 
gap due to the stator currents at the time that the current in phase 
one is a maximum. 

(b) Plot the distribution of the magnetomotive force in the 
air-gap at one-eighth of a period later than in (a). 
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(c) Plot the distribution of the magnetomotive force in the 
air-gap at one-quarter of a period later than in (a). 

5. A 3-phase induction motor has a stator with 4 slots per pole 
per phase. There are 4 inductors per slot, two of which are in 
one coil and two in another. The coil pitch is 10 slots. There are 
two coil sides in each slot. The effective value of the current in 
each phase of the stator winding is 7.07 amperes, and the current 
in phase two lags behind the current in phase one by 120 electrical 
degrees and leads the current in phase three by the same amount. 
Place the first slot in phase one at the extreme left of the paper and 
draw the zero lines to allow for a maximum ordinate of 4 in 
Use the foliovdng scales in these plots: 


Absciss® . Pole pitch = 3 in. 

Ordinates 40 ampere turns = 1 in. 


(a) Plot the distribution of the magnetomotive force in the air- 
gap due to the stator currents at the time that the current in phase 
one is a maximum. 

fb) Plot the distribution of the magnetomotive force in the 
air-gap at one-eighth of a period later than in (a). 

(c) Plot the distribution of the magnetomotive force in the 
air-gap at one-quarter of a period later than in (a). 

6, Assume that the stator -vidnding of a 3-phase induction motor 
is uniformly distributed. The coil pitch is unity and the phase 
spread is one-third the polar pitch. The current in phase two 
lags behind the current in phase one by 120 degrees and leads 
the current in phase three by the same amount. Place the be- 
ginning of phase one at the extreme left of the paper and draw 
the zero lines to allow for a maximum ordinate of 3 in. As 
ordinates let 1 in. equal the maximum ampere turns per pole 
per phase, and as abscissse let 3 in. equal the pole pitch. 

(a) Plot the distribution of the magnetomotive force in the 
air-gap at the time that the current in phase one is a maximum. 

(b) Plot the distribution of the magnetomotive force in the 
air-gap at one-eight of a period later than in (a). 

(c) Plot the distribution of the magnetomotive force in the 
air-gap at a time one-quarter of a period later than in (a). 

7. Assume that the stator winding of a 3-phase induction 
motor is uniformly distributed. The coil pitch is unity and 
the phase spread is two-thirds the polar pitch. The current in 
phase tw’o lags behind the current in phase one by 120 degrees 



IXDUCTIOX MOTORS 


7i 


and leads the current in phase three by the same amount. Place 
the beginning of phase one at the extreme left of the paper ami 
draw the zero lines to allow for a maximum ordinate of 3 in. As 
ordinates let 1 in. equal the maximum ampere turns per pole per 
phasOj and as abscissce let 3 in. equal the pole pitch. 

(a) Plot the distribution of the magnetomotive force in the 
air-gap at the time that the current in phase one is a maximum. 

(b) Plot the distribution of the magnetomotive force in the 
air-gap at one-eighth of a period later than in (a). 

(c) Plot the distribution of the magnetomotive force in th« 
air-gap at a time one-quarter of a period later than in (a). 

8. At no load a 25 h.p. induction motor takes S65 watts at 
0.18 power factor from a 250- volt, 3-phase circuit. The effective 
resistance of the stator winding is 0.3 ohm between terminals. 
Neglect the leakage reactance. What would have been the 
no-load power and power factor if the motor had been designed 
with an air-gap which would have made the reluctance of the 
magnetic circuit 25 per cent, greater? 

A 200-h.p. induction motor is de.signed to operate from a 
3-phase, 980- volt. 20-cycle circuit. Under this condition the 
no-load power and power factor are 6.02 kw. and 0.0S6. The 
friction and windage loss is 4.0 kw. The stator winding is delta- 
connected and has an effective resistance of 0.3S7 ohms per 
phase. What will be the no-load power and power factor if 
this motor is operated from a 3-phase, 1100-volt, 25-C3Tie cir- 
cuit? Neglect the leakage reactance and assume that the 
core losses vaiy as (P+W) varies as (speed)-. 

10.^ At no load a 570-h.p., 1900-volt 3-phase induction motor 
takes 15.1 kw. at O.OSl power factor. The friction and windage 
loss is 12.0 kw. The effective resistance of the stator winding 
is 0.757 ohm per phase. The windings are connected in delta. 
There are 8 inductors in series per slot. If the motor is rewound 
with the same size wire but with 6 inductors in series per 
slot, what no-load current and power will it take from the same 
circuit? Neglect the leakage reactance and assume that the core 
losses var^" as 

lid Both the stators and rotors of two 150-h.p., 3-phase in- 
duction motors are of the same design except that one is wound 
for 6 poles and the other for 8 poles. Each stator has the same 
number of slots with the same number of inductors per slot. 
The six-pole motor takes 5.7 kw, from a 500 volt, 38-cycie circuit 

* For saturation curve, see page 92. 
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at no load and the line current is 46 amperes. The friction and 
windage loss is 2.9 kw. The effective resistance of the stator 
binding is 0.082 ohm per phase. The effective resistance of the 
stator winding of the 8-pole motor is 11 per cent, less than this. 
The vdndings are connected in Y. What current and power 
will the 8-pole motor take at no load from the same circuit? 
Assume that the friction and windage loss varies as the square 
of the speed and neglect the leakage reactance. Where approxi- 
mations are made state what they are. 

12. ^ At no load a 335-h.p., 3-phase induction motor takes a 

line current of 15.5 amperes and absorbs 10.1 kw. from a 2000- 
volt, 50-cycle circuit. The effective resistance and the leakage 
reactance of the stator binding are respectively, 0.248 and 0.76 
ohm per phase. The windings are connected in Y. The friction 
and windage loss is 2.5 kw^ What current and power will this 
motor take at no load from a 2200-volt, 60-cycle circuit? As- 
sume that the core losses vary as and that the generated 

voltage due to the air-gap flux is equal to the impressed voltage 
less the magnetizing current multiplied by the leakage reactance. 

13. ^ At no load a loO-h.p., 3-phase induction motor takes a 
line current of 46 amperes and absorbs 5.65 kw. from a 500-volt, 
3S-cycle circuit. The friction and windage loss is 3.1 kw. The 
stator has 12 slots per pole and the winding pitch is 12 slots. 
If this motor is rewound with the same number of turns using 
a pitch of 10 slots, what current and power will it take at no 
load from the same circuit? Neglect the resistance and the 
leakage reactance, and assume that the core losses vary as 

14A The stator of a 150-h.p., 3-phase, 500-volt induction 
motor has 108 slots, and in each of the followdng cases it is wound 
for 6 poles with 4 inductors per slot. With a winding pitch 
of 18 slots the core losses are 2.9 kw. and the magnetizing cur- 
rent is 45 amperes. If a winding pitch of 14 slots is used what 
w’ill be the core losses and the magnetizing current at the same 
voltage and frequency? Assume core losses vary as 

15 A The stator of a 25-h.p., 3-pease, 250- volt induction 
motor has 72 slots, and in each of the following cases it is wound 
with 8 inductors per slot. If this motor is wound for 8 poles 
with a winding pitch of 8 slots the core losses are 590 watts, 
the friction and windage loss is 220 watts, and the magnetizing 
current is 11 amperes. What current and power will this motor 
take from the same circuit at no load if it is wound for 6 poles 

^ For saturation curve, see pap^e 92. 



IXDUCTIOX MOTOKS 


with a winding pitch of 10 slots? Xegleet the resistance and 
leakage reactance and assume that the friction and windage loss 
varies as the speed and that the core losses vary as B 

16dThe stator of a 25-h.p., 3-phase. 50-eyele induction motor 
is wound for 250 volts. With an impressed voltage of 110 volts 
the starting current is 61 amperes at 0.336 power factor. The ef- 
fective resistance and leakage reactance of the stator winding are 
respectively 0.159 ohm and 0.46 ohm per pha«e. The stator 
has 72 slots ttiih 9 inductors per .slot and the rotor has 120 slots 
with 2 inductors per slot. Both the stator and rotor windings 
connected in Y. The ohmic resistance of the rotor winding is 
0.015 ohm per phase. 

What is the leakage inductance of the rotor winding per phase? 
What is the ratio of effective to ohmic resistance for the rotor 
winding at 50 cycles? 

If the stator is rew^ound for 500 volts by using twice as 
many turns of wire of one-half the size, w^hat voltage should 
be impressed to have a starting current of 30 amperes? 

17d The fuli-ioad line current taken by a 200-h.p., 3-phase, 9S0- 
volt induction motor is 101 amperes. The stator has 216 slots 
with 5 inductors per slot, and the ohmic resistance of the winding 
is 0.246 ohm per phase. The rotor has 288 slots with 1 inductor 
per slot and the ohmic resistance of the winding is 0.010 ohm per 
phase. Both the stator and rotor windings are connected in delta. 
The leakage inductances of the stator and rotor windings are 
respectively 3.9 mil-henrys and 0.19 mil-henry per phase. At 
the rated frequency of 20 c^’cles the ratios of effective to ohmic 
resistance are respectively 1.6 and 1.9 for the stator and rotor. 

(a) What voltage should be impressed on this motor in order 
that the starting current will be twice the full-load current? 

(b) If the stator winding is reconnected in Y what voltage 
should be impressed on the motor in order that the starting cur- 
rent will be twice the fuli-ioad current? In this case the rated volt- 
age becomes 1700 volts. 

18. At full load the stator and rotor copper losses of a 500-h.p., 
3-phase, 2000- volt induction motor are respectively 4.14 per 
cent, and 1.82 per cent. The core loss is 2470 watts and the fric- 
tion and windage loss is 11.0 kw. The magnetizing component 
of the line current is 23 amperes. At the rated frequency of 60 
cycles the ratio of effective resistance to ohmic resistance is 1.55 
for the stator winding and 1.85 for the rotor winding. At the 

^ Assume that the ratio of transformation equals the ratio of turns. 
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rated frequency the leakage reactances of the windings are 3.2 
times their effective resistances. What line voltage should be 
impressed on this motor when starting to give a lino current of 200 
amperes? 

19.^ The ohmic resistances of the stator and rotor windings of 
an induction motor are respectively 0.04 ohm and 0.01 ohm. 
At normal frequency the ratios of effective resista.nce to olimic 
resistance are respectively 1.5 and 1.8 for the stator and rotor 
windings and the leakage reactances are 3.1 times tlieir eff(H*tive 
resistances. The stator winding has 108 inductors per phas(^ and 
the rotor winding has 54 inductors per phase. Assume that the 
core loss due to leakage flux and the increase in the resistan(!(^ 
due to a non-uniform distribution of current over the cross- 
section of the inductors both vary directly as the frequency. 

(a) If the voltage impressed on this induction motor when 
starting is increased 30 per cent., how much is the starting (uirrcmt 
increased? How much is the starting torque increascMl? 

(b) If the frequency of the voltage imprtjssed on this indu(;tion 
motor when starting is increased 10 per cent., how much is the 
starting current decreased? How much is the starting torque 
decreased. 

20AA 570-h.p. induction motor is designed to r(Kuviv(^ powc^r 
from a 3-phase, 1900-volt, 22.5-cyclc circuit. The ohmi(; re- 
sistances of the stator and rotor windings are 0.488 ohm and 
0.0138 ohm per phase, and at the rated frc(|uenc.y the <vff(HJtive 
resistances are 1.3 and 1,5 times as great. The leakage reactan(!(\s 
at the rated frequency are three times the effective rc'sistanc^es. 
The stator has 864 inductors per phase and the rotor 144 in- 
ductors per phase. The motor is wound for 30 poles, and botli of 
the windings are connected in delta. The friction and wind<*ig(^ 
loss is 12 kw. 

What is the slip at full load if the generated voltag<i in tlu^ stator 
winding due to the air-gap flux is 93 per c(mt. of tlu^ iinpressett'^ 
voltage? What is the starting torque with full voltage imi)r(‘ss(^d 
on the stator windings? 

21dThe effective resistances of the stator and rotor windings of 
a 3-phase inducton motor are 0.071 ohm and 0.0218 ohm per 
phase, and the leakage reactances at normal frequency are 0.22 
ohm and 0.066 ohm per phase. The stator has 108 slots with 5 
inductors per slot, and the rotor has 126 slots with 2 inductors 
per slot. Both of the windings are connected in Y. At starting, 
^Assume that the ratio of transformation equals the ratio of turns. 
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with full impressed voltage, the current is 3.6 times the full-load 
value and the torque is 0.62 of the full-load torque. What will 
be the starting current and the starting torque with full impressed 
voltage if resistances of 0.2 ohm are inserted in each phase of the 
rotor winding? 

22 . With full-load current the slip and brake torque of a 500- 
h.p., 3-phase, GO-cycle induction motor are 1.82 per cent, and 
16,300 pound-feet. The ohmic resistance and leakage inductance 
of the rotor winding are 0.24 ohm and 3.1 mil-henrys per phase. 
What will l)e the slip, the brake torque and the output when the 
current has its full-load value if resistances of 2 ohms are inserted 
ill eacli phase of the rotor winding? ^ Estimate the copper loss 
in each of these additional resistance units. 

23. The resistance and leakage inductance of the rotor wind- 
ings of a 3-phase, 38-cycle induction motor are 0.013 ohm and 
0.27 mil-henry per phase. The full-load torque and slip are 
2,190 lb. -ft. and 2.6 per cent. 

(a) To what per cent, of its normal full-load value should the 
air-gap flux be reduced so that the motor will deliver its full- 
load torque at one-half the full-load speed? 

(b) What resistance should be inserted in each phase of the 
rotor so that the motor will deliver its full-load torque at one- 
half the full-load speed? Assume that the air-gap flux has 
its normal value. 

(c) Compare the rotor currents in (a) and (b). 

24. The full-load distribution of losses in a 10-h.p,, 220- volt, 
3-phase induction motor is: 


Stator copper loss 3.9 per cent. 

Itotor copper loss 4.8 per cent. 

Core loss 3.1 per cent. 

Friction and windage loss 4.0 per cent. 


(a) Wliat are the slip and efficiency at full load? 

(b) What arc the slip and efficiency at one-half of full load? 
26,2 At full-load the slip of a335-h.p., 2000-volt, 50-cycle, 6-pole 

induction motor is 1.8 per cent. The ohmic resistances of the 
stator and rotor windings are 0.165 ohm and 0.0127 ohm per 
phase, and the leakage inductances are 2.4 mil-henrys and 0.22 
mil-henry per phase. Both of the windings are connected in Y. 
The stator has 72 slots with 10 inductors per slot, and the rotor 
has 90 slots with 2 inductors per slot. The ratios of effective 
‘The air-ga,p flux has its full-load value. 

sAssixine that the ratio of transformation equals the ratio of turns. 
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resistance to ohmic resistance at 50 cycles arc 1.45 and 1.75 for 
the stator and rotor windings. At full load the voltage gener- 
ated in the stator winding by the mutual flux is 93 per cent, of 
the impressed voltage. 

To what per cent, of its full-load value should the air-gap 
flux be reduced so that the starting current will be 175 amperes? 
What is the starting torque for this condition? What are the 
full-load torque and rotor current? 

26 . In problem 25 what resistance should be insertcnl in each 
phase of the rotor winding so that when starting witli full im- 
pressed voltage the rotor current will bo twice its full-load 
value? What is the starting torque for this condition? What 
is the running torque with full-load current? 

27 . In problem 25 what reactance should be ins(U’ted in each 
phase of the rotor winding so that when starting with full im- 
pressed voltage the rotor current will be twice its full-load 
value? What is the starting torque for this condition? What 
is the running torque with full-load current? 

28. ^ At the instant of starting on a reduced voltage of 5()() volts 
a 500-h.p,„ 3-phase, 60-cycle induction motor takes a line cur- 
rent of 152 amperes at 0.31 power factor. The motor is wound 
for 44 poles. The ohmic resistance of the rotor winding is 
0.0306 ohm measured between terminals — when the winding is 
not short-circuited. The effective resistance is 1.7 times as 
great at the rated frequency. The stator winding has 704 in- 
ductors per phase and the rotor winding has 220 inductors pctr 
phase. The friction and windage loss is 11. kw. What is the 
starting torque? With an impressed voltage of 2000 volts what 
brake torque would be delivered when the slip is 1.8 per cent? 
Assume that the voltage drop in the stator winding at no load 
is 3.5 per cent, of the impressed voltage. 

29 . A 570-h.p., 3-phase induction motor is arranged so that 
it may be connected to the line through a compensator at start- 
ing. The motor is wound for 36 poles and a line voltage of 1900 
volts at 22.5 cycles. When the compensator reduces the im- 
pressed to 600 volts the line current is 200 amperes and the power 
is 58.8 kw. at the instant of starting. The stator and rotor ohmic 
resistances are equal when reduced to the same side and the ef- 
fective resistances are 1.5 times as great as the ohmic. The 
friction and windage loss at full load is 12. kw. 

^Assume that the ratio of transformation equals the ratio of turns. 
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The no-load line current is 56.6 amperes. What is the slip 
when the motor delivers its rated load? What is the starting 
torque with 600 volts impressed on the motor? 

30. At full load the slip of a 500-h.p., 3-phase induction motor 
is 1.80 per cent. The motor is wound for 12 poles and an im- 
pressed voltage of 2200 volts at 25 cycles. When the rotor wind- 
ing is not short circuited the hot resistance — referred to the stator 
— measured between terminals is 0.431 ohm, and the effective 
resistance is 1.65 times as much. What is the starting torque 
when the impressed voltage is adjusted so that the rotor cur- 
rent is twice its full-load value? 

31. At full load the slip of a 1000-h.p., 3-phase induction motor 
is 1.72 per cent. The motor is wound for 12 poles and an im- 
pressed voltage of 2200 volts at 25 cycles. When the rotor wind- 
ing is not short circuited the hot resistance measured between 
terminals is 0.0895 ohm, and the effective resistance is 1.6 times 
as great. The ratio of transformation from stator to rotor is 
2200 to 1500. The effective resistance and leakage reactance of 
the stator winding between terminals are 0.195 ohm and 0.59 
ohm. The leakage reactance of the rotor between terminals is 
0.29 ohms at 25 cycles. 

What voltage should be impressed on this motor so that the 
starting torque will be the same as the full-load torque? What 
is the starting current for this condition and how does it compare 
with the full-load current? 

32. In problem 31 what resistance should be inserted in each 
phase of the rotor winding in order that the starting torque 
for the rated voltage will be equal to the full-load torque? 
What is the starting current for this condition and how does 
it compare with the full-load current? 

33. The ohmic resistances of the stator and rotor windings of a 
500-h.p., 3-phase induction motor are 0.24 ohm and 0.0153 ohm 
per phase, and the effective resistances at the rated frequency are 
respectively 1.5 and 1.6 times as great. The leakage reactances 
at the rated frequency are respectively 1.1 ohms and 0.075 ohm 
per phase. The motor is wound for 44 poles and an impressed 
voltage of 2000 volts at 60 cycles. The stator has 2112 inductors 
and the rator 660 inductors. Both windings are connected in Y. 
At full load the voltage drop in the stator winding due to the 
no-load current is 4 per cent, of the impressed voltage. 

What resistance should be inserted in each phase of the rotor 
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in order that the starting torque with full im])ress(Hl voltage may- 
have its maximum value? What is this torque? What is the 
starting current for this condition and how does it compare with 
the full-load current? 

34. The ohmic resistances of the stator and rotor windings 
of a 150-h.p., 3-phase railway induction motor are 0.054 ohm and 
0.014 ohm per phase, and the effective resistances at the rat(‘d 
frequency are respectively 1.45 and 1.65 times as great. Tlu^ 
leakage reactances at the rated frequency arc respe(d;ively 0.24 
ohm and 0.071 ohm per phase. The motor is wound for O poh's 
and an impressed voltage of 500 volts at 38 cycles. The ratio of 
transformation from stator to rotor winding is 15 to 7, and 
both windings are connected in Y. With full impressed voltage 
the measured slip for a brake torque of 1470 pound-feet is 2.26 
per cent. 

What resistance should be inserted in each phase of the rotor 
winding so that the starting torque with full impress('d voltage 
will have its maximum value? What is this torqu(‘? 


INDUCTION MOTOR DATA 
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1) 

E 

Horse-power 

25 

120 

200 

335 

570 

Line voltage 

250 

500 

980 

2000 

]<)()() 

Type of winding 

Y 

Y 

A 

V 

A 

Frequency 

50 

38 

20 

50 

22 . 5 

Poles 

8 

6 

24 

0 

3(y 

Ohmic resistance f Stator. . 

0.090 

0.04 

0.240 

0. 105 

0.4S8 

per phase. \ Rotor. . 


0.01 


0.0127 

0.01:58 

Ratio of transformation. . . . 


2 : 1 


4 : 1 

0 : 1 

Magnetizing current (line).. 

11 


39 



Core loss 

690 


1120 



Friction and windage loss . . . 

220 


4000 



Line voltage . . . 


500 


2000 

1900 

No load Line current. . . 


34.5 


15.3 

57.0 

Power 


4400 


10,100 

17,200 

Line voltage. . . 

100 

500 

220 

4-l() 

000 

Blocked . . Line current . . . 

57 

800 

173 

170 

200 

Power 

3,100 

220,000 

20,400 

40,500 

05,000 


36. Draw the Heyland diagram for motor No. A. (a) What 
are the full-load power factor, slip and efficiency, (b) What is 
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the break-clown torque? (c) At what load is the power factor a 
maximum? 

36. Draw the Heyland diagram for motor No. B. (a) What 
are the power factor, the slip, and the efficiency at full load? 
(b) at one-half of full load? (c) What is the break-down torque? 
(d) At what load is the power factor a maximum? 

37. Draw the Hciyland diagram for motor No. C. (a) What 
are the power factor, the slip and the efficiency at full load? 
(b) What is the break-down torque? fc) At what load is the 
power factor a maximum? 

38. Draw the Heyland diagram for motor No. D. (a) What 
arc the power factor, the slip and the efficiency at full load? (b) 
at one-half full load? (c) What is the break-down torque? 

39. Draw the Heyland diagram for motor No. E. (a) What 
arc the power factor, the slip and the efficiency at full load? 
(b) What is the break-down torque? (c) At what load is the 
power factor a maximum? 

40. ^ The following data are given on a 5-h.p., 110- volt, 8- 
polc, 60-cycle, 3-phase induction motor. The stator and rotor 
windings are both connected in delta, and the former has an ef- 
fective resistance of 0.24 ohm and a leakage reactance of 0.70 ohm 
per phase. The ohmic resistance of the rotor winding referred 
to the stator is 0.36 ohm per phase. At no load the motor takes 
300 watts at 110 volts and a power factor of 0.15. 

When this motor takes 5100 watts at 110 volts and a power 
factor of 0.835 what are the slip, the power output and the 
torque? 

41. ^ A 3-phase, 1000-h.p. induction motor is taking 916 kw. 
from a 2200-volt circuit at a power factor of 0.914. At no load 
with an impressed voltage of 2200 volts the line current is 75 .1 
amperes and the power is 15.2 kw. The effective resistance and 
the leakage reactance of the stator winding, which is Y-connected, 
are 0.118 ohm and 0.32 ohm per phase. The ohmic resistance of 
the rotor winding referred to the stator is 0.10 ohm per phase. 
What is the output for the specified load? What is the slip? 

42. ^ A 3-phase, 2600-h.p. induction motor is taking 2272 kw. 
from a 6470-volt circuit, and the line current is 245 amperes. At 
no load with an impressed voltage of 6400 volts the line current 
is 89.5 amperes and the power is 47.5 kw. The ohmic resistance of 

^Use either the transforincr diagram or the equivalent circuit in the 
solution of this problem. See “ Principles of Alternating Current Machin- 
ery,” R. R. Lawrence, page 454. 
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the stator winding between terminals is 0.561 ohm at 25° C. llie 
ohmic resistance of the open-circuited rotor winding betwcnni 
terminals is 0.0766 ohm at 25° The leakage r('a(d.ance of the 
stator winding is 3.64 ohms between terminals. Witli the rotor 
blocked 375 kw. is supplied when the line current is 369 ampere's. 
The temperature of the windings at this time is 25° ( I Assunu^ 
that the ratios of effective resistance to ohmic resistance are the 
same for the stator and rotor windings at 25° C. 

What is the output for the specified load? What is the slip? 
What is the distribution of the losses? The temperatures at this 
time is 73° C. 

43 . ^ A 3-phase, 2000~volt, 60-cyclo induction motor has a full- 
load capacity of 500 h.p. The stator winding luis an ('ffc'cdivt^ 
resistance of 0.36 ohm and a leakage reactaiuxi of 1.1 ohms pc'r 
phase. The rotor winding has an ohmic resistances of 0.157 ohm 
and a leakage inductance of 1.96 mil-henrys pe^r phases re'lerrt'd 
to the stator. Both of the windings are conne'cte'd in Y. The 
magnetizing current is 23 amperes, the core loss is 2‘17(} wat4s, 
and the friction and windage is 11 kw. 

What are the slip, the power factor, and the efficiency when tluj 
motor delivers its rated output? 

44 . ^ A 3-phase, 1900-volt, 22.5 cycle, 36-poIe induction motor 
has a full-load capacity of 570 h.p. The ohmic resistaiUM's of 
the stator and rotor windings are 0.488 ohm and 0.0138 olim ixt 
phase, and their effective resistances at the ratcxl frequ(‘tu*y ar(‘. 
respectively 1,4 and 1.6 times as great. Both of tlie windings 
are connected in delta, and the ratio of transformation of stator 
to rotor is 6 to 1. The magnetizing component of tlie lim^ cur- 
rent is 57.2 amperes, the core loss is 2.8 kw., and the friedaon 
and windage loss is 12 kw. With the rotor blocked the line 
current is 200 amperes when the impressed voltage is 600 volts. 
Assume that the ratios of leakage reactance to effective resistance 
at the rated frequency are the same for both stator and rotor 
windings. 

■ What are the slip, the power factor, and the efficiency wlum the 
motor delivers its rated output? 

^Use either the transformer diagram or the equivalent circuit in the solu- 
tion of this problem. 8ee ‘‘Principles of Alternating Current Machinery,” 
R. K. Lawrence, page 454. 

2 For ratio of transformation see Motor /, page 83. 
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46 . ^ A 3-phase, 500-volt, 38-cycle, 6-pole railway induction 
motor has a full-load capacity of 120 h.p. The ohmic resistances 
of the stator and rotor windings are 0.04 and 0.01 ohm per phase, 
and their effective resistances at the rated frequency are respec- 
tively 1.45 and 1.60 times as great. Both of the windings are 
connected in Y, and their ratio of transformation is 2 to 1. The 
magnetizing component of the line -current is 34 amperes, and 
the total no-ioad losses are 4400 watts. With the. rotor blocked 
the line current is 800 amperes when the impressed voltage is 500 
volts. Assume that the leakage reactances of the stator and rotor 
windings at the rated frequency are equal when reduced to the 
same side. 

What are the slip, the power factor and the efficiency when 
the motor delivers a torque of 1200 pound-feet? 

46 . ^ The full-load capacity of a 3-phase, 2000-volt, 50-cycle 
induction motor is 335 h.p. The motor is wound for 6 poles, 
and both the stator and rotor windings are connected in Y. 
The effective resistance of the stator winding is 0.23 ohm and the 
ohmic resistance of the rotor winding referred to the stator is 
0.203 ohm per phase. At 50 cycles the leakage reactances of the 
windings, referred to the stator, are respectively 0.70 ohm and 
0.83 ohm per phase. At no load the motor takes 15.2 amperes 
from a 2000-volt circuit at a power factor of 0.187. The core loss 
is 7400 watts at this time. The motor is operating with a slip of 
1.43 per cent., and the terminal voltage has its rated value. 
What is the output of the motor? What is the power factor? 
What is the efficiency? 

47 . ^ A 3-phase, 500- volt, 38-cycle railway induction motor has 
a full-load capacity of 150 h.p. The ohmic resistances of the 
stator and rotor windings are 0.052 ohm and 0.013 ohm per phase, 
and the effective resistances are respectively 1.40 and 1.55 times 
as great at the rated frequency. The motor is wound for 8 poles. 
Both stator and rotor windings are connected in Y and have a 
ratio of transformation of 9 to 5. At no load with an impressed 
voltage of 500 volts the motor takes a current of 46.6 amperes at 
a power factor of 0.141. With the rotor blocked the motor takes 

^ Use either the transformer diagram or the equivalent circuit in the 
solution of this problem. See “Principles of Alternating Current Machin- 
ery," R. R. Lawrence, page 454. 
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a current of 610 amperes when the impress('(l is 500 volts. 

Assume that the leakage reactances are in the sa,nu' ratio a,s tlu^ 
effective resistances at the rated frequeiu^y. 

What are the slip, the power factor and tlu^ (tficicaHty wlnm tlu^ 
noiotor delivers a torque of 1950 poun(l-fe(t.? 

48 . ^ At no load when the line voltage has its laded vahu' of 1 000 
volts, a 3“phase, 570-h.p. induction motor ta,k('s liiuuniriamt of 
67.2 ampers at a power factor of 0.091. Tlu^ specnl of t-lu' rotor is 
74.6 rev. per min., and the slip is one revolution in 23 minute's. 
The ohmic resistances of the stator and rotor winding luv 0.488 
ohm and 0.0138 ohm per phase. The inot.or is wound for 3(> 
poles and both the stator and the rotor windings a,r(' (*onne(‘t(‘d in 
delta, and have a ratio of transformation of (i to 1. With t.ht' 
rotor blocked the line current is 200 ampen^s a.nd i-lu^ |)ower siq)- 
plied is 59.2 kw. when the impressed voltage is 600 volts. Assunu^ 
that the ratios of effective to ohmic resistaiu^e ar(^ tln^ sa-inc' 
for the stator and rotor, and that the ratios of l(‘akag(‘ rt'juttanee 
to effective resistance are also the same for each winding. 

What is the friction and windage loss? What is the (*on^ loss? 

49. ^ A 3-phase, 2000-volt, 60-cycle indiudvion motor is ra<(*d 
to deliver 500 h.p. at full load. The ohmic n^sistanct's of tlu' 
stator and rotor windings are respectively 0.24 ohm a,nd 0.0153 
ohm per phase, and the ratios of effective' to olimic, la'sistaiua^ arc^ 
respectively 1.5 and 1.6. With the rotor Idoc.ked tlu^ j)ow('r 
factor is 0.29. Assume that the ratios of h'akagc^ r('a(‘t4in<‘(^ to 
effective resistance at the rated froqmuK^y are thc^ sanu^ for tlui 
stator and rotor. The motor is wound for 44 pok's, and both 
the stator and rotor windings are conmndcHl in Y and Inive a 
ratio of transformation of 16 to 5. The friedion and windage loss 
is 11.0 kw. and the core loss is 2470 watts at the rated voltage. 

What is the slip in revolutions per minute at no load? 
What are the power factor, the current and the powt^r for this 
condition? 

60.^ The full-load capacity of a 3-phasc, 980- volt, 20-cyck^ in- 
duction motor is 200 h.p. The effective resistance and leakag(i 

^Use either the transformer diagram or the equivalent cinniit in tlie solu- 
tion of this problem. See “ Principles of Alternating Current Machinery/' 
E. R. Lawrence, page 454. 
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reactance of tlic stator winding are 0.342 ohm and 1.08 ohms re- 
spectively. Tile ohmic resistance and leakage inductance of the 
rotor winding referred to the stator are 0.141 ohm and 5.1 mil- 
lienrys. The motor is wound for 24 poles and both the stator and 
rotor windings arc connected in delta. At no load the motor 
takes a line current of 39.4 amperes and absorbs 6680 watts when 
tlie impressed voltage has its rated value. The friction and wind- 
age loss is 4.0 kw. 

If the air-giip flux is assumed to be constant the maximum 
torque oc.curs when the slip equals the ratio of the resistance of the 
rotor winding to its leakage reactance at the rated frequency. 
In this case how much must the impressed voltage be increased 
in ordcT that the air-ga.p flux will have its no-load value when the 
torque is a maximum? 
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61.^ What are the power factor, the output, and the efficiency 
of the induction motor No. F when the slip is 1.55 per cent. 
Assume that the ratios of effective to ohmic resistance are 
respectively 1.1 and 1.20 for the stator and rotor windings and 
that the leakage reactances are equal when reduced to the same 
side. 

62d What are the slip, the power factor, and the efficiency 
of the induction motor No. G when it delivers full load and the 

^ITsc the transformer diagram in the solution of this problem. See 

PrirKiiples of Alternating Current Machinery,” R. R. Lawrence, page 454. 
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voltage generated in the stator winding by the air-gap flux is 
the same as at no load? Assume that the ratios of offoetive to 
ohmic resistance are respectively 1.4 and 1.6 for the stator and 
rotor windings, and that the ratio of the leakage r(‘a(;tane('s 
at the rated frequency is equal to the ratio of the effective 
resistances. What is the impressed voltage? 

63.1 What are the power factor, the torque and the efficiency of 
the induction motor No. H when the slipis 1.86 percent. Assume 
that the ratios of effective to ohmic resistance are the same for the 
stator and rotor windings at 25° C., and tliat the ratio of the 
ohmic resistances is equal to the ratio of the leakage nuietanca's 
of the two windings at the rated frequency. The tempe-rature 
under the running condition is 65° C. 

64.1 W'hat are the power factor, the slip, and tlu^ ('ffieitmey 
of the induction motor No. I when it delivers a torque of 22,000 
pound-feet? Assume that the ratios of the ohmic resistances, 
the effective resistances, and the leakage reactances of the 
stator and rotor windings are equal at the rated frt'qiumcy 
and a temperature of 25° C. The running temf)eraturc is 
70° C. 

66.1 What are the power factor, the slip and the efficiency when 
the induction motor No. J delivers 2750 h.p. Assume that the 
ratio of the effective to the ohmic resistance for the rotor is 
20 per cent, greater than for the stator, and tlmt the ratios 
of the leakage reactances and of the effective rcsistaiuK's arcs 
equal at the rated frequency and a temperature of 25° C. llus 
running temperature is 70° C. 

66. What are the power factor, the torque and the efficieiu^y 
for the induction motor No. I when the slip is 1.6 per cumt. 
and the impressed voltage has its rated value? Make tin; saim^ 
assumptions in regard to the resistances and reaetanc.ea as wer(i 
made in problem 54. 

67 . What are the power factor, the slip and the (ffiicdeiusy 
when the induction motor No. J delivers a torque of 164,000 
pound-feet and the impressed voltage is 6400 volts? Make 

lUse^ the transformer diagram in the solution of thi.s prohUsm. StHi 
Principles of Alternating Current Machinery,*’ H, 11, Lawrcn(^o, page 
454 . 
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the same assumptions in regard to the resistances and reactances 
as were made in problem 55. 

58. What are the power factor, the slip and the efficiency when 
the induction motor No. H delivers 560 h.p. and the impressed 
voltage has its rated value? Make the same assumption in regard 
to the resistances and reactances as were made in problem 53. 

69. Two 3-phase, 220-volt, 60-cycle induction motors are con- 
nected in concatenation across a 220- volt circuit. Each is rated 
to deliver 10 h.p. and is wound for 6 poles. What is the no-load 
speed? When they deliver 10 h.p. what is the torque developed 
by each motor? 

60. Two 3-phase, 220- volt, 60-cycle induction motors are con- 
nected in concatenation across a 220- volt circuit. Each is rated 
to deliver 10 h.p. but one is wound for 6 poles and the other for 
8 poles. What is the no-load speed? When they deliver 10 h.p. 
what is the torque developed by each motor? What per cent, 
of its full-load current does each motor carry? 

61. Two 3-phase, 220-volt, 60-cycle induction motors are con- 
nected in concatenation across a 220-volt circuit. One is rated 
to deliver 10 h.p. and the other 15 h.p., but both are wound for 
6 poles. What is the no-load speed? What load is delivered 
when the 15-h.p. motor takes its full-load current? What per 
cent, of its full-load value is the current in the 10-h.p. motor? 
What is the torque developed by each? 

62. Two 3-phase, 220 volt 60-cycle induction motors are con- 
nected in concatenation across a 220- volt circuit. One is rated 
to deliver 10 h.p. and is wound for 6 poles, and the other is rated 
to deliver 15 h.p. and is wound for 4 poles. What is the no-load 
speed? What is the greatest load that can be delivered and 
have neither motor take more than its full-load current? When 
they deliver 15 h.p. what torque does each develop? 

63. The two induction motors, M and P, are connected in 
concatenation. The stator of the first receives power at its 
rated voltage and frequency, and the stator of the second is 
short-circuited. Neglect the no-load component of the current 
and the core loss due to the leakage flux. 

(a) What is the total output when the slip of the first motor 
is 51.3 per cent.? 

fb) What is the power developed by each motor? 

(c) What are the copper losses in the stator and rotor of each 
motor? 
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INDUCTION MOTOR DATA 


Number 

K 

L 

M 

N 


Horse-power 

500 

570 

150 

1.^)0 

120 

Line voltage 

2000 

11)00 

500 

500 

500 

Connection (both stator and rotor) 

Y 

A 

Y 



Frequency 

GO 

22.5 

58 

58 

58 

Poles 

44 

50 

0 

8 

0 

Magnetizing current (per phase.)’.. 

25 

5.5 

45 

•10 

54 

Core loss at no load^’^ 

2470 

2.S00 

1500 

1.50(> 

1200 

_ . . 1 / Stator. . . . 

0.24 

0.-1S8 

0. 0.^)4 

0.052 

0.04 

Ohmic resistance per phase 

0.015:; 

0.01.5.S 

O.OI 1 

0.015 

0.01 

Ratio of effective resistance Stator. . . . 

1.5 

1 . 55 

1 . 25 

1 . 25 

1 ,2 

to ohmic resistance at the Rotor, . . . 
rated frequency. 

1.4 

1 . 55 

1 . 4 

1 . 55 

1.4 

Leakage inductance per ( Stator 

2.0 

15, 

0,001 

O.OSO 

0.008 

phase (mil-henry). ( Rotor. 

0. 17 

0.57 

0.02-1 

0.022 

0,01.8 

Ratio of transformation 

10 to 5 

0 to 1 

15 iu 7 

0 to 5 1 

! 

2 to 1 


64. The two induction motors, N and P, arc conmM*t(‘d in, 
concatenation. The stator of the first recinv(‘s ])()VV('r at its 
rated voltage and frequency, and tlio stator of th(^ second is 
short-circuited. Neglect the no-load component of tlu^ (nirrimt 
and the core loss due to the leakage flux. Assiinn^ that th(‘ coni 
loss due to the mutual flux varies as the prodiKit of tlui frequency 
and the square of the flux density. 

(a) What is the total output when tlie slij) of tliti s(i<iond motor 
is 4.0 per cent.? 

(b) What is the power developed by (nk’Ii motor? 

(c) What are the copper losses in the stator and rotor of (‘acJi 
motor? 

(d) What are the core losses in the stator and rotor of (uich 
motor? 

66. The two induction motors, M andW, are connectcid in (um- 
catenation. The stator of the first receives jiowc'r at its rate m I 
voltage and frequency, and the stator of the s(i(‘on(l is short- 
circuited. Neglect the no-load compommt of tlui (turrcuit. As- 
sume that the loss caused by the leakage flux varies as th<i frci- 
quency and the square of the current. Assume tliat the (‘orc 
loss due to the mutual flux varies as the product of the frequencty 
and the square of the flux density. 

(a) What is the total output when the speed is 228 rev. p{U’ ruin. ? 

^ At the rated voltage. 

2 Assume that the ratio of the core loss in the stator to that in the rot^or 
for the same mean flux density and frequency is 4 to 3. 
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(b) What is the power developed by each motor? 

(c) What are the effective resistance losses in the stator and 
rotor of each motor? 

(d) What are the core losses in the stator and rotor of each 
motor? 

66. The two induction motors, K and L, are connected in 
concatenation. The stator of the first receives power at its 
rated voltage and frequency, and the stator of the second is 
short-circuited. Neglect the no-load component of the current. 
Assume that the loss caused by the leakage flux is proportional 
to the frequency and the square of the current. Assume that 
the core loss due to the mutual flux varies as the frequency and 
the square of the flux density. 

(a) What is the total output when the slip of the second motor 
is 1.55 per cent.? 

(b) What is the power developed by each motor? 

(c) What are the effective resistance losses in the stator and 
rotor of each motor? 

(d) What are the core losses in the stator and rotor of each 
motor? 

67 . The two induction motors, M and P, are connected in 
concatenation. The stator of the first receives power at its 
rat(Ml fr(H|uency, and the stator of the second is short-circuited. 
Do not neglect the no-load component of, the current, but assume 
that it is proportional and wattless with respect to the generated 
voltage. Assume that the loss caused by the leakage flux varies 
as the frequency and the square of the current. Assume that 
the core loss due to the mutual flux varies as the product of the 
frequency and the square of the flux density. 

(a) Wliat is the total output when the speed is 268 rev. per 
min. and the voltage generated by the air-gap flux in the rotor 
winding of the second motor is 68 volts per phase? 

(b) What power do they receive from the line and at what 
power factor do they operate? 

(c) What is the power developed by each motor? 

68. The two induction motors, K and L, are connected in 
concatenation. The stator of the first receives power at its 
rated frequency, and the stator of the second is short-circuited. 
Do not neglect the no-load component of the currrent, but assume 
that it is proportional and wattless with respect to the generated 
voltage. Assume that the loss caused by the leakage flux varies 

7 
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as the frequency and the square of the current. Assume that 
the core loss due to the mutual flux varies as the product of tlie 
frequency and the square of the flux density. 

(a) What is the total output when the slip of the second is 
1.55 per cent, and the voltage generated by the air-gap flux in 
the rotor winding of the second motor is 430 volts {)er phase? 

(b) What power do they receive from the lino and at what 
power factor do they operate? 

(c) What is the power developed by each motor? 

69 . A 1000-h.p. induction motor is operated as an induction 
generator in parallel with a synchronous generator having a 
full-load capacity of 1000 kv.-a. The induction machine, which 
is wound for 12 poles, is driven at a constant speed of 250.5 rcw. 
per min. The speed of the synchronous generator falls uni- 
formly from 1530 rev. per min. at no load to 1500 rev. per min. 
at full load, when the frequency is 25 cycles. Tlio load deliv- 
ered by the induction generator is proportional to the sli}) which 
at full load is 1.7 per cent. 

When the total load supplied is 1500 kw. what is the load 
delivered by each? At what speed should the induction geiu^r- 
ator be driven so that both will deliver tlieir rated loads at tlu^ 
same time? 

70 . An induction generator and asynchronous gem^rator, eaxth 
rated to deliver 2500 kv.-a., are operated in parallel. The hjxhhI 
of the induction generator falls from 1520 at no load to 1498 at 
full load, and the speed of the synchronous gemorator falls 
from 1525 at no load to 1490 at full load. The load on the 
induction generator is proportional to the slip which at full 
load is 1.8 per cent. 

What is the greatest load that can be delivered without over 
loading either generator? To what value should the full-load 
speed of the synchronous generator be adjusted so that both gen- 
erators will deliver their rated loads at the same time? 

71 . A 4-pole induction generator and a 2-pole synchronotis 
generator are operating in parallel. The induction generator is 
driven at a constant speed, but the speed of the synchronous 
generator falls from 3660 rev. per min. at no load to 3590 at 
full load of 2000 kw. The resistance of the rotor windings 
between terminals refered to the stator is 0.73 ohm. Neglect 
the stator resistance and reactance, the rotor reactance, and the 
losses. The excitation of the synchronous generator is adjusted 
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so that the terminal voltage is 6400 volts at all loads. The 
speed of the induction generator is adjusted so that when the 
synchronous machine is delivering no power the load on the 
induction generator is 500 kw. What is the division of the load 
when 3500 kw. is required? What is the frequency at this 
time? At what speed should the induction generator be driven 
so that both will deliver their rated loads, viz., 2000 kw., at the 
same time? 

72. A 500-kw., 3-phase induction generator is operated with 
a synchronous motor floated across its terminals. At no load, 
when running as an induction motor, it takes a line current of 31 
amperes at 2000 volts. The resistance of the rotor winding be- 
tween terminals is 0.0228 ohm, and the ratio of transformation 
from stator to rotor is 16 to 5. Neglect the resistance and 
reactance of the stator and the reactance of the rotor windings 
of the induction generator, and all of the losses in both machines. 
The excitation of the synchronous motor is adjusted so that the 
terminal voltage is 2000 volts. The load supplied by these 
machines is 450 kw. at a power factor of 85 per cent. What is 
the line current supplied by the induction generator? What is 
the frequency of this system if the induction generator is 
wound for 44 poles and is driven at 165 rev. per min.? If the 
synchronous motor has a synchronous reactance of 6.2 ohms 
between terminals what is its necessary excitation voltage? 

73. An induction generator supplies power to a load and to 
an over-excited synchronous motor. At no load as an induction 
motor it takes a line current of 98 amperes at 2200 volts. The 
resistance of the rotor winding between terminals is 0.058 ohm 
and the ratio of transformation from stator to rotor is 22 to 15. 
Neglect the resistance and reactance of the stator winding and 
the reactance of the rotor winding of the induction generator 
and all of its losses. The rotational losses of the synchronous 
motor are 23.3 kw. and the resistance and synchronous reactance 
are respectively 0.26 ohm and 3.04 ohm between terminals. 
The induction generator delivers 1150 kw. of which the syn- 
chronous motor receives 450 kw. The excitation of the latter 
is adjusted so that the terminal voltage is 2200 volts. The power 
factor of the load exclusive of the synchronous motor is 0.83. 
The induction generator is wound for 12 poles and is driven at 
a speed of 254 rev. per min. 

What is the frequency of the system. At what power factor 
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is the synchronous motor operating? What is the ex(ui.atiou 
voltage of the synchronous motor? AVliat is the power output 
of the synchronous motor? 

74. A 2000-kw. induction generator is operated in ])ara,ll(‘l 
with a synchronous generator of the same capaivity. At no loa,d, 
when running as an induction motor, it takes a line (Uirrent of 
90 amperes at 6400 volts. The resistance of the rotor winding 
between terminals is 0.0766 ohm and the ratio of transformation 
from stator to rotor is 6400 to 2076. Neglect the resistance 
and reactance of the stator and the reactance of the rotor winding 
and all of its losses. The resistance and synchronous r(auitan(‘(3 
of the synchronous generator between terminals a, re resp(xd/ively 
0.65 ohm and 14.2 ohms. The induction generator delivers 
1800 kw. and the synchronous generator 1200 kw. Tlie cx(jita- 
tion of the latter is adjusted so that the terminal voltage is 6400 
volts, and the power factor of the load is 0.85. The indmd/ion 
generator is wound for 36 poles and is driven at a speed of 82.4 
rev. per min. 

What is the frequency of the system? At wliat boW(T factor 
does the synchronous generator operate? What is the excita- 
tion voltage of the synchronous generator? 

76. An induction generator and a synchronous generator are 
operated in parallel and supply a load of 700 kw. at 0.86 power 
factor. Data concerning the induction generator are: 370 kw., 
2000 volts, 44 poles, Y wound. The magnetizing current is 23 am- 
peres at the rated voltage, and the core loss is 2. 47 kw. For values 
of stator and rotor resistance and reactance see Motor N, page S(). 
Data concerning the synchronous generator are: 500 kw., 2200 
volts, 64 poles, Y wound. The effective resistance and syiu^iron- 
ous reactance of the armature winding are respectively 0.224 
ohm and 2.76 ohms per phase. The induction generator is 
driven at 166.4 rev. per min. and the synchronous gcuierator 
at 113.0 rev. per min. What is the division of the load if the 
excitation of the synchronous machine is adjusted so that the 
terminal voltage is 2200 volts ? What is the necessary excitation 
voltage of the synchronous generator? 

76. An induction generator and a synchronous generator are 
operated in parallel and supply a load of 950 kw. at 0.83 power 
factor. Data concerning the induction generator are: 450 kw., 
2000 volts, 36 poles, A wound. The magnetizing current is 33 am» 
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peres per phase and the core loss is 2. 8 k w. For values of stator and 
rotor resistance and reactance see MotorL, page 86. Data concern- 
ing the synchronous generator are: 850 kw., 2000 volts, 32 poles, 
Y wound. The effective resistance and synchronous reactance 
are respectively 0.064 ohm and 2.40 ohms per phase. The 
induction generator is driven at 85.0 rev. per min. and the syn- 
chronous generator, at 94.0 rev. per min. What is the division 
of the load if the excitation of the synchronous generator is 
adjusted so that the terminal voltage is 2000 volts? What is 
the necessary excitation voltage of the synchronous generator? 

77.^ The induction motor No. G is operated as a generator on a 
GO-cycle circuit in parallel with synchronous apparatus. What 
are the slip, the power factor and the efficiency when it re- 
ceives 150 h.p. from the prime mover and the terminal voltage 
is 500 volts? Assume that the ratios of effective to ohmic re- 
sistance are respectively 1.4 and 1.6 for the stator and rotor 
windings, and that the ratio of the leakage reactances at 
the rated frequency is the same as ratio of the effective re- 
sistances. 

78 J The induction motor No. ff is operated as a generator on 
a 2200-volt, 25TCycle circuit in parallel with synchronous appa- 
ratus. What arc the output, the power factor and the efficiency 
when the slip is 1.86 per cent.? Assume that the ratios of effective to 
ohmic resistance are the same at 25° Centigrade, and that the 
ratio of the ohmic resistances is equal to the ratio of the leakage 
reactances of the two windings at the rated frequency. The 
temperature under the running condition is 65° C. 

79. ^ The induction motor No. I is operated as a generator 
on a 25-cycle circuit in parallel with syncrohnous apparatus. 
What are the slip, the power factor and the efficiency when it re- 
ceives 1000 h.p. from the prime mover and the terminal voltage 
is 2200 volts? Assume that the ratios of the ohmic resistances, 
the effective resistances and the leakage reactances of the 
stator and rotor windings arc equal at the rated frequency and 
a temperature of 25° C. The running temperature is 70° C. 

80. ^ The induction motor No. J is operated as a generator 

^Seo page 83. 
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on a 6400-volt, 25-cycle circuit in parallel with synchronous 
apparatus. What are the output, the power factor, and the 
efficiency when the slip is 1.9 per cent.? Assume tluit tlie ratio 
of the effective to the ohmic resistance for the rotor is 20 per 
cent, greater than for the stator, and that tlie ratios of the 
leakage reactances and of the effective resistances are equal at 
the rated frequency and a temperature of 25*^ C. Tlie running 
temperature is 70^ C. 


SATURATION CURVE 


Per cent. 

Normal voltage 

Per c(ait. 

Normal Magnetizing (hirnmt 

68.2 

66.9 

79,5 

78.3 

90.9 

90.2 

100.0 

100.0 

109 0 

111.4 

118.1 

143.2 

127.2 

168.3 



CHAPTER V 


ROTARY CONVERTERS 

1 . Assume that the graph representing the flux density in the 
air-gap of a rotary converter is rectangular and is constant over 
the entire pole pitch. Also assume that the armature winding 
is uniformly distributed. Calculate the ratio of the single- 
phase alternating-current voltage to the direct-current voltage. 
Assume that the coil pitch and phase spread are each unity. 

2. In problem 1 calculate the ratio of the four-phase alternat- 
ing-current voltage to the direct-current voltage. Assume that 
the coil pitch is one and that the phase spread is one-half. 

3. In problem 1 calculate the ratio of the three-phase alternat- 
ing-current voltage to the direct-current voltage. Assume that 
the coil pitch is one and that the phase spread is two-thirds. 

4 . In problem 1 calculate the ratio of the six-phase alternating- 
current voltage to the direct-current voltage. Assume that the 
coil pitch is one and that the phase spread is one-third. 

6. In problem 1 calculate the ratio of the twelve-phase alternat- 
ing-current voltage to the direct-current voltage. Assume that 
the coil pitch is one and that the phase spread is one-sixth. 

6. Assume that the air-gap flux density in a rotary converter 
is constant under the poles and is zero between them. The 
ratio of pole arc to pole pitch is two-thirds. Also assume that 
the armature winding is uniformly distributed. Calculate the 
ratio of the single- phase alternating-current voltage to the 
direct-current voltage. Assume that the coil pitch and the phase 
spread are each unity. 

7 . In problem 6 calculate the ratio of the four-phase alternat- 
ing-current voltage to the direct-current voltage. Assume that 
the coil pitch is one and that the phase spread is one-half. 

8. In problem 6 calculate the ratio of the three-phase alternat- 
ing-current voltage to the direct-current voltage. Assume that 
the coil pitch is one and that the phase spread is two-thirds. 

9 . In problem 6 calculate the ratio of the six-phase alternating- 
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current voltage to the direct-current voltage. Assiiuk^ that the 
coil pitch is one and that the phase spread is one-third. 

10 . In problem 6 calculate the ratio of the twelve-phas(‘ alha*- 
nating-current voltage to the direct-current voltage. Assunu^ 
that the coil pitch is one and that the phase si)r(^a<l is oiuvsixth. 

11 . The graph representing the flux density in tlie a,ir-gap of 
a rotary converter is a simple harmonic function. Assum(‘ that 
the armature winding is uniformly distril)ut(Hl. (hihaihiU^ the 
ratio of the single-phase alternating-current voltage) to the 
direct-current voltage. Assume that the coil pitch and the 
phase spread are each unity. 

12. In problem 11 calculate the ratio of the four-phase aIt,(U'- 
nating-current voltage to the direct-current voltage. Assume 
that the coil pitch is one and that the phase s|)read is oru'-half. 

13. In problem 11 calculate the ratio of the three-])hast) alter- 
nating-current voltage to the direct-current voltag(^ yVssume 
that the coil pitch is one and that the phase sprea,(l is two-thirds. 

14 . In problem 11 calculate the ratio of the si.x-phase alter- 
nating-current voltage to the direct-current voltage. Assume 
that the coil pitch is one and that the phase sprea,(l is oru'-t hird. 

15 . In problem 11 calculate the ratio of the tw(dve-phase alttu'- 
nating-current voltage to the direct-current voltag(‘. Assume 
that the coil pitch is one and that tlie phase spread is oiu‘-si.xth. 

16 . The graph representing the flux distril)ution in the air- 

gap of a rotary converter is + 3.r. x is the 

angular displacement measured from the neutral ])oint. Take 
the third harmonic component of the flux density as 0.3 of the 
fundamental. Assume that the armature winding is uniformly 
distributed. Calculate the ratio of the single-pliase alternating- 
current voltage to the direct-current voltage. Assume tliat the 
coil pitch and the phase spread are each unity. 

17 . In problem 16 calculate the ratio of the four-plias(‘ alter- 
nating-current voltage to the direct-current voltage. Assume 
that the coil pitch is one and that the phase spread is oiu^-half. 

18 . In problem 16 calculate the ratio of the tlirce-pliase alter- 
nating-current voltage to the direct-current voltage. Assume 
that the coil pitch is one and that the pluivse spread is two-thirds. 

19 . In problem 16 calculate the ratio of the six-pliase alt(T- 
nating-current voltage to the direct-current voltage. Assume 
that the coil pitch is one and that the phase spread is one-third. 

20. In problem 16 calculate the ratio of the twelve-pluise 
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alternating-current voltage to the direct-current voltage. As- 
sume that the coil pitch is one and that the phase spread is 
one-sixth. 

21. The graph representing the flux distribution in the air- 
gap of a rotary converter is B = Bisixix—Bzs>in Zx, x is the 
angular displacement measured from the neutral point. Take 
the third harmonic component of the flux density as 0.3 of the 
fundamental. Assume that the armature winding is uniformly 
distributed. Calculate the ratio of the single-phase alternating- 
current voltage to the direct-current voltage. Assume that the 
coil pitch and the phase spread are each unity. 

22. In problem 21 calculate the ratio of the four-phase alter- 
nating-current voltage to the direct-current voltage. Assume 
that the coil pitch is one and that the phase spread is one-half. 

23. In problem 21 calculate the ratio of the three-phase 
alternating-current voltage to the direct-current voltage. As- 
sume that the coil pitch is one and that the phase spread is 
two-thirds. 

24. In problem 21 calculate the ratio of the six-phase alter- 
nating-current voltage to the direct-current voltage. Assume 
that the coil pitch is one and that the phase spread is one-third. 

25. In problem 21 calculate the ratio of the twelve-phase 
alternating-current voltage to the direct-current voltage. As- 
sume that th,e coil pitch is one and that the phase spread is one- 
sixth. 

26. In a single-phase rotary converter, assume that the cur- 
rents on the direct- and alternating- current sides are respectively 
steady and sinusoidal, and neglect all of the losses in calculating 
their relative values, (a) Calculate the ratio of the average 
heating in a conductor at one of the alternating-current taps to 
that in a conductor midway between the taps when the rotary 
is operating at unit power factor, (b) Calculate this ratio 
when the rotary is operating at 0.9 power factor. 

27. In a four-phase rotary converter assume that the currents 
on the direct- and alternating-current sides are respectively 
steady and sinusoidal, and neglect all of the losses in calculating 
their relative values, (a) Calculate the ratio of the average 
heating in a conductor at one of the alternating-current taps to 
that in a conductor midway between the taps when the rotary 
is operating at unit power factor, (b) Calculate this ratio 
when the rotary is operating at 0.9 power factor. 
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28 . In a three-phase rotary converter assume that tiu' (uir- 
rents on the direct- and alternating-current si(I(^s a, re r(‘s|)('(5- 
tively steady and sinusoidal, and neglect all of the losses in 
calculating their relative values, (a) Calculate the ratio of the 
average heating in a conductor at one of the alternating-tnirnuxt 
taps to that in a conductor midway between the tai)s when tlu^ 
rotary is operating at unit power factor. (1)) Calculate this 
ratio when the rotary is operating at 0.9 power factor. 

29 . In a six-phase rotary converter assume tluit the eurrcuits 
on the direct- and alternating-current sides ar(i r(\sp(‘(d.iv(‘ly 
steady and sinusoidal, and neglect all of the losses in eahuilating 
their relative values, (a) Calculate the ratio of tlu^ avnu'agc^ 
heating in a conductor at one of the alternating-cuirrcMit taps to 
that in a conductor midway between the tai)s wlien tln^ rotary 
is operating at unit power factor, (b) (,'alculate tliis ratio 
when the rotary is operating at 0.9 power factor. 

30 . In a twelve-phase rotary converter assume tliat the e.ur- 
rents on the direct- and alternating-current sides are rctspcH*.- 
tively steady and sinusoidal, and neglect all of the loss(\s in 
calculating their relative values, (a) C!alculat(i tlie ratio of th<^ 
average heating in a conductor at one of the aittu'nai.iug-cuirnuit 
taps to that in a conductor midway between the taps wdmn tlu^ 
rotary is operating at unit power factor. (]>) (hihuilatc this 
ratio when the rotary is operating at 0.9 pow(U' factor. 

31 . In a single-phase rotary converter assunu^ that tlu^ (Uir- 
rents on the direct- and alternating-current sid(\s mv. respcH^- 
tively steady and sinusoidal and neglect all of tlie loss(‘s in <^al- 
culating their relative values, (a) Calculate the relatives out- 
puts when operating as a rotary converter at unit i)ower fa(dior 
and as a direct-current generator on the basis of tlie mmo arma- 
ture copper loss, (b) Calculate the relative outputs wluni the 
rotary is operating at 0.9 power factor, (c) Calculates tlu^ rela- 
tive outputs when operating as a rotary converter and as a 
synchronous generator at unit power factor on the basis of the 
same armature copper loss, (d) Calculate the relative outputs 
when both are operating at 0.9 power factor. 

32 . In a four-phase rotary converter assume that the currents 
on the direct- and alternating-current sides are respectively steady 
and sinusoidal, and neglect all of the losses in calculating their 
relative values, (a) Calculate the relative outputs when operat- 
ing as a rotary converter at unit power factor and as a direct- 
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current generator on the basis of the same armature copper loss, 
(b) Calculate the relative outputs when the rotary is operating 
at 0.9 power factor, (c) Calculate the relative outputs when 
operating as a rotary converter and as a synchronous generator 
at unit power factor on the basis of the same armature copper 
loss, (d) Calculate the relative outputs when both are operat- 
ing at 0.9 power factor. 

33. In a three-phase rotary converter assume that the cur- 
rents on the direct- and alternating-current sides are respectively 
steady and sinusoidal, and neglect all of the losses in calculating 
their relative values, (a) Calculate the relative outputs when 
operating as a rotary converter at unit power factor and as a 
direct-current generator on the basis of the same armature 
copper loss, (b) Calculate the relative outputs when the 
rotary is operating at 0.9 power factor, (c) Calculate the rela- 
tive outputs when operating as a rotary converter and as a syn- 
chronous generator at unit power factor on the basis of the 
same armature copper loss, (d) Calculate the relative outputs 
when both are operating at 0.9 power factor. 

34. In a six-phase rotary converter assume that the currents 
on the direct- and alternating-current sides are respectively 
steady and sinusoidal, and neglect all of the losses in calculating 
their relative values, (a) Calculate the relative outputs when 
operating as a rotary converter at unit power factor and as a 
direct-current generator on the basis of the same armature copper 
loss, (b) Calculate the relative outputs when the rotary is 
operating at 0.9 power factor, (c) Calculate the relative out- 
puts when operating as a rotary converter and as a synchronous 
generator at unit power factor on the basis of the same armature 
copper loss, (d) Calculate the relative outputs when both are 
operating at 0.9 power factor. 

36. In a twelve-phase rotary converter assume that the 
currents on the direct- and alternating-current sides are respec- 
tively steady and sinusoidal and neglect all of the losses in cal- 
culating their relative values, (a) Calculate the relative out- 
puts when operating as a rotary converter at unit power factor 
and as a direct-current generator on the basis of the same armature 
copper loss, (b) Calculate the relative outputs when the rotary 
is operating at 0.9 power factor, (c) Calculate the relative out- 
puts when operating as a rotary converter and as a synchronous 
generator at unit power factor on the basis of the same armature 
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copper loss, (d) Calculate the relative outputs when l)oth are 
operating at 0.9 power factor. 

36 . A 5-kiIowatt single-phase rotary convertor sup|)li(^s p()W(‘r 
on the direct-current side at 110 volts. It ro(‘,oivos energy on tlu^ 
alternating-current side through a transformer from a 220()-volt 
circuit. What should be the transformer’s ratio of transforma- 
tion? If the rotary has an efficiency of 85 per c‘.ent. what should 
be the current rating of the high-tension winding of the trans- 
former? 

37 . A 100-kilowatt, 4-'phase rotary coiw^rter supplies |)()\v(‘r 
on the direct-current side at 230 volts. It receivtjs energy on 
the alternating-current side through two singkvphascs trans- 
formers from a 2-phase circuit. The voltage l)etwe(ai adjiuamt 
high-tension conductors is 1555 volts, and betweem alt(nmat.(^ 
conductors is 2200 volts. The high-tension windings of tlu^ 
transformers are connected across the 2200-V()lt liru^s and the 
low-tension windings are connected in star with thc^ neutral 
point grounded. The efficiency of the rotary at full load and 
unit power factor is 94 per cent. What should be the full-load 
current and voltage ratings of the high- and low-tension windings 
of the transformers? 

38 . A 4-phase, 50-kilowatt rotary converter sup])lies pow<‘r on 
the direct-current side at 220 volts. It ro(udv(^s o.norgy on thc^ 
alternating-current side from a 2-phasc line through two 
single-phase transformers which have doul)le primary and 
secondary windings. The voltage between the adjacamt high- 
tension conductors is 1625 volts and between altcn-natc (jotidiu!- 
tors is 2300 volts. The high-tension windings of tlie transform- 
ers are connected in star and the low-tension wimlings iti nusslii. 
The efficiency of the rotary at full-load output and 0.90 i)ow(‘r 
factor is 90.2 per cent. What are the primary and s(H 5 ondary 
currents and voltages when the rotary delivers its rated load at 
0.90 power factor? 

39 . A 4-phase 100-kilowatt rotary converter delivxu's powtu 
on the direct-current side at 220 volts. It receives (mergy from 
a three-phase, 11,000-volt circuit through ScottrConn(K‘ted trans- 
formers. The low-tension windings are connected in star. Tlic 
efficiency of the rotary at full load and unit power factor is 92.5 
per cent. What are the ratios of transformation of ea(di of tlic 
transformers? What are the full-load current ratings of the 
primary and secondary windings of each transformer? 
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40. A 4-phase, 100-kilowatt, 230-volt rotary ^d^verter receives" 
its power from a three-phase, 6600-volt circuit t^ugl^Scott-con- 
nected transformers. The low-tension windings 

are connected in mesh. The efficiency of the rotary at 4uIWdkll-' 
and 0.90 power factor is 91.8 per cent. What are the high- and 
low-tension currents and voltages of the transformers when the 
rotary delivers its rated load and operates at 0.90 power factor? 

41. A three-phase, 200-kilowatt rotary converter supplies 
direct current at 1 10 volts. It receives power from a three-phase, 
6600-volt circuit through three single-phase transformers which 
have their high-tension windings connected in delta and their low- 
tension windings connected in Y. At full load and unit power 
factor the rotary has an efficiency of 93 per cent. What should 
be the full-load current and voltage ratings of the high -and low- 
tension windings of the transformers? 

42. A three-phase, 250-kilowatt, 220-volt rotary converter 
receives power through three single-phase transformers from a 
3-phase, 2200-volt circuit. The high-tension windings of the 
transformers are connected in Y and the low-tension windings in 
delta. The rotary has an overload current capacity of 5 per 
cent, when operating at 0.9 power factor and at this time the 
efficiency is 91.8 per cent. What should be the overload current 
and voltage ratings of the high- and low-tension windings of the 
transformers? 

43. A three-phase, 300-kilowatt, 500-volt rotary converter 
receives power through three single-phase transformers from a 
three-phase, 11,000-volt circuit. Both the high- and low-tension 
windings of the transformers are connected in Y. When deliver- 
ing its rated load and operating at 0.90 power factor the rotary 
has an efficiency of 91.6 per cent. What is the ratio of trans- 
formation of the transformers? What should be the full-load 
current ratings of the high- and low-tension windings of the 
transformers? 

44. A three-phase, 150-kilowatt, 230-volt rotary converter 
receives power through two single-phase transformers from a 
three-phase, 2200-volt circuit. Both the primary and secondary 
windings of the transformers are connected in V. Neglecting 
the losses what should be the current and voltage ratings of the 
high- and low-tension windings of the transformers? 

46. A 6-phase, 1500-kilowatt, 650-volt rotary converter de- 
livers power to a railway system. It receives power through 
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three single-phase transformers from a thr(X5-pha,s(% i;i2()()- 
volt transmission line. The transformers are conuei*ttHl in Y on 
the high-tension side and diametrically on the low-tension sick^. 
In order to maintain a constant line voltage of 13,200 volts at tlu^ 
substation the rotary is over-compounded so tliat w!i(‘U d(div(^ring 
10 per cent, overload current at 650 volts it opera, tes at 0.1)5 powtn* 
factor with an efficiency of 92.7 per cent. What is the ratio of 
transformation for each transformer? What should the 
overload current ratings of the high- and low-tcmsion windings of 
the transformers? 

46 . A six-phase, 1000-kw., rotary converter r(ai(viv(\s |)()W(n‘ 
through three transformers from a three-phase, 1 1 ,000-volt (dreaiit. 
The rotary delivers power at 650 volts to a railway systenn. The 
transformers are connected in Y on the high-tension and in douI)le 
delta on the low-tension side. What should 1,)C tlu^ (uirrt'ut and 
voltage ratings and the ratio of transformation for (‘a(*h of tlu‘s(^ 
transformers? In determining the rating n(g*le(d; loss(‘s. 

47 . A 6-phase, 2000-kw., rotary converter nnuuve^s powen* from 
a 3-phase, 13,000-volt transmission line. Th(^ transfornu'rs ar(^ 
connected in delta on the high-tension and in doubh^ Y oti tlu^ 
low-tension side. The rotary delivers power at 650 volts 1,0 a 
railway system. It has an overload current cai)a(fity of 10 p(‘r 
cent, and an efficiency of 92.8 per cent, when (kdivta-ing tins load 
and operating at 0.95 power factor. Wliat should l)e tlu‘ ov(‘r- 
load current and voltage ratings of the high- and low-Oaision 
windings of the transformers? What should be their ratio of 
transformation? 

48 . A 12-phase, 3000-kw., 650-volt rotating converter rec'eives 
power from a three-phase transmission line througli thren^ singkv 
phase transformers, whose high-tension windings are (j()un(^(d,(Hl 
in Y and whose low-tension windings arc conncctcHl in doul)le 
chord. The high-tension line voltage is 22,000 volts. N(^gkM*t- 
ing the losses what should be the current and voltages ratings of 
the high- and low-tension windings of the transformers? 

49. ^ A 6-phase, 25-cycle, 600-volt rotary converter has an 
efficiency of 92.5 per cent, when delivering 750 kw. and ()p(U’ating 
at 0.90 power factor. The armature winding has 4 inductors 

1 In calculating the armature reaction do not neglect the dintribution of 
the winding, and assume that the constant usually given as 0.707 in 0.75. 
This makes an approximate correction for the effoct of the ratio of poh' arc; 
to pole pitch. 
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in s(3ries per slot and 24 slots per pole. Neglect the resistance 
and the leakage reactance of the armature winding. What are 
the demagnetizing ampere turns per pole for the specified 
load? 

60.^ A 3-phase, 25-cycle rotary converter has a full-load 
capacity of 300 kw. at 600 volts. The armature has 96 slots 
with 6 inductors in series per slot. The field structure has 4 
poles. Neglect the resistance and leakage reactance of the arma- 
ture winding. When this rotary receives a line current of 540 
amperes at 367 volts and is overexcited so that it operates at a 
|)owcr factor of 0.90 what are the demagnetizing ampere turns 
per pole? 

51.^ A 6-phasc, 60-cycle, 600-volt rotary converter has a full- 
load capacity of 1000 kw. when operating at unit power factor. 
The armature has 180 slots with 6 inductors in series per slot. 
The field structure has 12 poles each of which is wound with 864 
turns. When this rotary is overexcited so that it operates at 
0.95 power factor and is delivering its rated output on the direct- 
current side the efficiency is 92.9 per cent. How much greater 
is the field current than its normal value, i.6., if the power factor 
wore unity? 

62. ^ At full load and when operating at unit power factor a 
3-phase, 25-cycle rotary converter receives a line current of 499 
amperc^s at 367 volts and delivers on the direct-current side 500 
amperes at 600 volts. The armature has 96 slots with 6 inductors 
in series per slot. The field structure has 4 poles with 2340 turns 
in the shunt windings per pole. The resistance of this field 
circuit with the regulating rheostat cut out is 120.5 ohms. When 
this rotary receives its rated current what is the least power 
factor at which it can be operated and still maintain its rated 
voltage? Normal excitation, i.e., when operating at upit 
power factor, is 3.25 amperes. 

63. ^ At full load and when operating at unit power factor a 6- 
phase, 25-cycle compound rotary converter receives a line current 
of 840 amperes at a voltage of 212 volts between adjacent slip 
rings and delivers on the direct-current side 1667 amperes at 600 
volts. The armature has 168 slots with 6 inductors in series per 

^ In calculating the armature reaction do not neglect the distribution of 
the winding, and assume that the constant usually given as 0.707 is 0.75. 
This makes an approximate correction for the effect of the ratio of pole arc 
to pole pitch. 



102 PROBLEMS IN ALTERNATING CURRENT MACIIINERY 


slot. The field structure has 8 poles with 1501 turns iu the shunt 
winding and 2 turns in the series winding per pole. A cunxud. of 
5.6 amperes in the shunt field winding alone is the normal excita- 
tion and produces a voltage of 600 volts on the dir(H‘t-(airnait 
side at no load when running as a generator. 

When this rotary delivers 1500 amperes at GOO volts what should 
be the shunt field current in order that the (uirnmt on tlie alter- 
nating-current side shall be leading and not exet'ed its full- load 
value and the power factor have its least value? What is this 
power factor? Neglect any change in tlie (drideney. 

54:d At full load and when operating at unit pow(‘r fa(*i.()r a 
6-phase, 60-cycle rotary converter receives a line curnmt of 810 
amperes at a voltage of 424 volts between diain(d.ri(*al points of 
the armature and delivers on the direct-curremt sidc^ a (‘urnmt of 
1667 amperes at 600 volts. The armature has 15 slots pvr 3 )olt^ 
with 6 inductors in series per slot. On each field polt‘ th<‘re are 
864 turns in the shunt winding and 2 turns in the s(‘ri(‘s winding. 
A current of 9.3 amperes in the shunt field winding alonc^ is IJh^ 
normal excitation and produces a voltage of 600 volts on tlui 
direct-current side at no load when running as a g(ui<‘rator. 
When this rotary delivers 1460 amperes at (K)() volt.s what/ mv. 
the limits of the shunt field current in ordc^r tliat th(^ current 
on the alternating-current side shall not exc^ecnl its full-load 
value and the power factor have its least valium? What are 
these limiting power factors? Neglect any changti in tlie 
efficiency. The rotary has 12 poles. 

55d At full load and when operating at unit pow<‘r fa(*tor a 
6-phase, 25-cycle rotary converter takes a line curnmt of 840 
amperes at a voltage of 424 between diaintd-rical points a-nd 
delivers 1667 amperes at 600 volts. The armature has 21 slots 
per pole with 6 inductors in series per slot. Endi field pol(‘ is 
wound with 1501 turns. The resistance of the field (urcuit with 
the regulating rheostat cut out is 76.6 ohms. A (mrrcmt of 5.G 
amperes in the field winding is the normal (excitation: he., for 
full load and unit power factor. With an output of 850 kw. at 
600 volts what is the least power factor at whi(4i tlvis rotary (‘an 
be operated when overexcited? What per cent, is the curr<‘nt 

iln calculating the armature reaction do not neglect the dist-nbution of 
the winding, and assume that the constant usually given as 0.707 is 0.75. 
This makes an approximate correction for the effect of the ratio of ixde arc 
to pole pitch. 
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on the alternating-current side of its full-load value? Neglect 
any change in the efficiency. 

56.^ At full load and when operating at unit power factor a 
G-phase, 60-cycle rotary converter takes a line current of 840 
amperes at 212 volts per phase and delivers 1000 kw. at 600 
volts. The armature has 180 slots with 6 inductors in series 
per slot. The field structure has 12 poles with 864 turns in the 
shunt winding and 2 turns in the series winding per pole. The 
resistance of the shunt field circuit is 39.65 ohms with the regu- 
lating rheostat cut out. A current of 9.3 amperes in the shunt 
field alone is the normal excitation, i.e,, for full load and unit 
power factor. With an output of 800 kw. at 600 volts what is 
the least power factor at which the rotary can be operated when 
overexcited? What per cent, is the current of its full-load value? 
Neglect any change in this efficiency. 

57 A A 3-phase, 25-cycle rotary converter has a full-load capa- 
city of 300 kw. at 600 volts. The armature has 96 slots with 
6 inductors in series per slot. The field structure has 4 poles 
with 2340 turns in the shunt winding per pole. The resistance 
of this field circuit with all of the regulating rheostat cut out is 
120.5 ohms. A current of 3.25 amperes in the shunt field winding 
alone gives the normal excitation, i.e., for full load at unit power 
factor. In order to maintain the terminal voltage on the direct- 
current side at COO volts when full load is delivered, it is neces- 
sary to overexcite the rotary so that it takes a line current of 
600 amperes at a power factor of 86 per cent. 

Calculate the least number of series field turns that must be 
added in order that this excitation may be produced. What 
should be the current in the shunt field winding? 

68. ^"'<Aalculate the efficiency of the rotary A when it receives 300 
kw. at a power factor of 0.90 and with a line voltage of 380 
volts. The excitation is greater than normal. Assume that 
the running temperature is 70® C. 

69. ^'K'alculate the efficiency of the rotary A when it delivers 300 
kw. at 625 volts and the excitation is greater than normal and is 
adjusted so that the line current on the alternating-current side 
is 520 amperes. Assume that the running temperature is 70® C. 

^ In calculating the armature reaction do not neglect the distribution of 
the winding, and assume that the constant usually given as 0. 707 is 0.75. 
This makes an approximate correction for the effect of the ratio of pole arc 
to pole pitch. a first approximation it may be assumed that the effi- 

ciency is 95 per cent. 

8 
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DATA ON ROTARY CONVBRTHRS 


Kilowatt 

Voltage (D.C.) 

Current (D.C.) 

Phases 

Prequency 

Poles 

Armature slots 

Inductors per slot 

Turns per pole: 

Shunt 

Series . . . 

Ilesistanee at 25 ’’ C. : 

Armature between D.C. brushes 

Shunt field^ (alone) 

Series field 

Friction and windage (kw.) 


A 

1 H 


;jo() 

1000 

1000 

GOO 

GOO 

GOO 

500 

1G07 

lGr»7 


(> 

{\ 

25 

25 

()0 

4 

8 

12 

9() 

1G8 

ISO 

() 

G 

G 

2:m() 

9 

1501 

2 

8G4 

0.020 

O.OOGSS 

0.00589 

120.5 

7().{> 

29 . G5 

0.()()21S 

0.00042 

O.OOOGOUi 

2.2 

G.7 

9. I 



D. C. 

SATURATION 

CURVES AND COR.E 

I.OSSKS 


Ordinates 



Abscissiii 





D. C. 

Shunt field currents 


C(>r<‘ lo.s.s(‘H 


voltage 

A 

B 

a 

A 


^ B 

0' 

550 

2.70 

4.90 

7.0 

1 . 9G 


4 . GS 

12.4 

600 

3.25 

.'5.00 

9.3 

2 . 52 


1 5.50 

M.7 

650 

4.00 

6.36 

11.2 

2.25 


G.4() 

17.7 

700 

5.00 

7.44 

14.0 

4.23 


1 7.70 

21. () 


60:^'^Calculate the efficiency of the rotary B wlien it <Ic‘Iiv(‘rs 
1000 kw. at 650 volts and the shunt field rh(X)stat is (uit out. 
Assume that the running temperature is 70° C. What ar(^ tlu^ 
line current and power factor on the alternating-c.urrcuit sidi*? 

61A“^Calculate the efficiency of the rotary C when it <l(‘liv(Ts 
1000 kw. at 650 volts and the excitation is greater than normal 
and is adjusted so that the power factor is 0.95. Assume that 
the running temperature is 70° C. 

^ In calculating the armature reaction do not neglect the diHtrihution of 
the winding, and assume that the constant usually given as 0,707 is 0.75. 
This makes an approximate correction for the effect of the ratio of pole arc 
to pole pitch- 

® The shunt field has a regulating rheostat in scries with it, the loss in 
which should be included in calculating the efficiency. 

3 As a first aunroximation it may be assumed that the efficiency is 95 
per cenv 



CHAPTER VI 


POLYPHASE CIRCUITS 

1. Three equal impedance units, each of which has an equiva- 
lent resistance of 2.0 ohms and a reactance of 1.25 ohms are 
connctited in delta across a three-phase 220-volt circuit. What 
current does each unit take? What is the line current? What is 
the total power supplied? 

2. The three impedance units described in problem 1 are con- 
nected in Y across a three-phase, 220-volt circuit. What cur- 
rent does each unit take? What is the total power supplied? 

3. Six equal impedance units each of which has an equivalent 
resistance of 2.5 ohms and a reactance of 1.5 ohms are connected 
across a three-phase, 220-volt circuit — three in delta and three in Y. 
What is the line current? What is the total power supplied? 

4. Three equal impedance units each of which has an equivalent 
r(!sistanco of 2 ohms and a condensive reactance of 1 ohm are 
connected in delta across a three-phase, 220-volt circuit. At the 
same point three other equal impedance units, each of which has 
an equivalent resistance of 1.5 ohms and an inductive reactance 
of 1 ohm, are connected in Y across the circuit. What is the line 
current? What is the total power supplied? 

6. Three equal resistances are connected in delta across a three- 
phase circuit. What should be the relative value of three other 
equal resistances which will take the same power when connected 
in Y across the circuit? 

6. Three equal impedance units, each of which has an equiva- 
lent resistance of 2.0 ohms and a reactance of 1.0 ohm are con- 
nected in delta across a three-phase, 220-volt circuit. Three 
other equal impedance units are connected in Y across the same 
circuit. What should be their equivalent resistance and react- 
ance in order that they will take the same line current and the 
same total power? 

7. Three equal impedance units each of which has an equiva- 
lent resistance of 2.0 ohms and an inductive reactance of 1.0 
ohm are connected in delta at the end of a transmission line, each 
conductor of which has a resistance of 0.2 ohm and an inductive 

105 
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reactance of 0.3 ohm. If the line voltages at tiio goiu^ratiug 
station are each 2200 volts what is the line current? (b) What 
is the voltage at the load? (c) What is the efficiency of trans- 
mission? 

8. In problem 7 if the reactance of the impedance units had Ixhui 
-^ condensive instead of inductive what would have becui (a) the 

^ line current, (b) the voltage at the loacb and (c) the effi(*-ien(‘y of 
transmission? 

9. Two equal resistances of 100 ohms each are comKX’ted in 
series across two mains of a three-phase 22()-v()lt cirtuiit and 
from their junction a resistance of 50 ohms is connee/ted to the 
neutral conductor of the system. The line voltages ar(^ balane(Ml 
and the voltages from the lines to the neutral condued/or an^ 
equal, (a) What are the line currents? (b) What is the neutral 
current? (c) What is the total power absorl)ed? 

10 . Two equal impedances, each of whicli has an equivahmt 
resistance of 2.0 ohms and an inductive reactance of 1.0 ohm 
are connected in series across two mains of a tlinxsphasc^, 220-voIt 
circuit, and from their junction another unit which luis a resist- 
ance of l.Oohmandacondensive reactance of 1.0 ohm is (sonnectcHl 
to the neutral conductor of the system. Tlui line voltage's ar(^ 
balanced and the voltages from the lines to th(^ lumtral an^ ('(lual 
(a) What are the line currents? (b) What is tlu^ lumtral curnuit? 
(c) What is the total power absorbed? 

11 . Three non-inductive resistances of 5, 10 and 15 ohms are 
connected in delta across the lines of a three-phase, 220-V()lt 
circuit, (a) What is the total power absorbed? (b) What are 
the line currents? 

12. Three impedance units which arc r('i)r(‘s(uit('d l)y the 

expressions, Si = 5-fy5, Z 2 = 6-\-jl0, — are (u)nn<Hd;ed in 

delta across the lines 1~2, 2'~3, 3-1 re.'^jX'c, lively of a tlinuvphase', 
220-volt circuit. If Vu leads 1^23 by 120 degree^s (a) what is 
the total power absorbed? (b) What are the lino (uirnmts? 

If Vi 2 lags F 23 by 120 degrees, (c) what is the total power 
absorbed? (d) What are the line currents? 

13 . Three non-inductive resistances of 5, 10 and 15 ohms are 
connected in Y across the lines of a three-phase, 220-V()lt ciriuiit. 
(a) What is the total power absorbed? (b) What are the line 
currents? 

14 . Three impedance units which are represented by tlic (ex- 
pressions, 2 !i = 5+y5, 22 = 5+il0, zz—d—jlO, are connected in Y 
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from the mains 1, 2 and 3 respectively of a three-phase, 220-volt 
circuit to a common point. If Vn leads V 23 by 120 degrees, (a) 
what are the line currents? (b) What is the total power absorbed? 
(c) What is the voltage between the common point^^ and the 
true neutral of the system? 

15. In problem 14 if V 23 leads 712 by 120 degrees a what are 
the line currents? (b) What is the total power absorbed? (c) 
What is the voltage between the ^‘common point and the true 
neutral of the circuit? 

16 . Three impedance units which are represented by the ex- 
pressions Zi—lO+jO, ^2 = 0+J10, 2:3 = 0—jl0, are connected in 
Y from the mains 1, 2 and 3 respectively of a three-phase, 
220-volt circuit to a common point. If F 12 leads 723 by 120 de- 
grees (a) what are the line currents? (b) What is the total power 
absorl)od? (c) What is the voltage between the common point’' 
and the tr\ie neutral of the system? 

17 . In problem 16 if V 23 leads 7i2 by 120 degrees (a) what are 
the line currents? (b)What is the total power absorbed? (c) 
What is the voltage between the common point” and the true 
neutral of the system? 

18 . Three voltmeters are connected in Y from the mains of a 
tliroe-pliase, 220-volt circuit to a common point. The resistances 
of the voltmeters are Ri ohms and R 2 ohms and Rz ohms respec- 
tively. What does each instrument indicate? 

19 . Three unequal lamp loads are connected between the 
mains and neutral conductor of a three-phase transmission line. 
Tlie mains and neutral conductor each have a resistance of 0.1 
ohm and negligible reactance. The resistances of the lamp 
loads are 1.0 ohm, 1.5 ohms and 2.0 ohms respectively. At 
the generating station the line voltages are each 220 volts and the 
voltag(^s between the mains and neutral conductors are equal, 
(a) What are the line and neutral currents? (b) What is the 
voltage across each lamp load? (c) What is the efficiency of 
transmission? 

20 . Three unequal lamp loads are connected in delta at the 
end of a three-phase transmission line which has a resistance of 
0.1 ohm per conductor and negligible reactance. The resistances 
of the lamp loads are 1.0 ohm, 1.5 ohms and 2.0 ohms respectively. 
If the line voltages at the generating station are each 220 volts, 
(a) what are the line currents? (b) What are the line voltages at 
the load? (c) What is the efficiency of transmission? 
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21 . Three impedance units whose values are rej^rosoutcul l)y 

the expressions; l.O, Z'2=l-5+j 0.5, and ^;{ = 2.5+ 

j 1.0, are connected in delta at the end of a three-phase tra.nsiuis- 
sion line each conductor of which has a resistance of 0.1 ohm and 
a reactance of 0.15 ohm. If the line voltages at the gcmerating 
station are each 11,000 volts, (a) what are the line eurrcmt-s? 
(b) What are the line voltages at the load? (c) What is the effi- 
ciency of transmission? 

22 . The power supplied to a three-phase induction motor is 
measured by the two-wattmeter method. (3u(^ wattnudHU’ indi- 
cates 5770 watts and the other 2930 watts. What is ilu^ power 
supplied? At what power factor is the motor opt^rjiting? 

23 . The only instrument available for measuring the powtu* 
taken by a three-phase, 230-volt induction motor is a wattnuhx'r 
of suitable range. Measurements are made as follows: The 
current coil of the wattmeter is inserted in main 1 and the |)oteu- 
tial coil, first between mains 1 and 2 and tlum betwcMui mains 
1 and 3. If the two wattmeter readings thus obtairuHl an) 5700 
and 3380 watts respectively what is the power supplit'd to tiuj 
motor? If the line voltage is 230 volts what is the Ymo (uirnuit? 
At what power factor is this motor operating? 

24 . The power taken by a balanced three-phase load is nu‘as- 
ured by two wattmeters. The current coils of tlu^ watt.m(d.('rs ar(^ 
connected to current transformers whi(^h are in lines 1 and 2 
respectively. The potential coils are coniu^dcul to pohmtial 
transformers which are across lines 2 and 3 and liiu'ss 1 and 3 
respectively. The line voltages are each 230 volts and thi^ linn 
currents are each 150 amperes. The wattmeters oaeh indicate 19, 0 
kw. What is the power supplied? What is the power fa(‘.tor? 

25 . The power taken by an imbalanced thrcHvphasii load is 
measured by two wattmeters. The current coils of th(^ watt- 
meters are connected to current transformers which ari' in rm(‘S 
1 and 2 respectively, and the potential coils are (;onn(H*t<Hl to 
potential transformers which are across linos 2 and 3 and lirn^s I 
and 3 respectively. The line voltages are each 230 volts. Idui 
currents in lines 1 and 2 are 150 amperes and 200 ampcires re- 
spectively. The first wattmeter indicates 21.2 kilowatts and tlie 
second indicates 18.1 kilowatts. What is the power supplii^l to 
the load? 

26. A 3-phase, 500-volt, Y-connected alternating-currcmt 
generator with equal line voltages and a ground (h 1 neutral supplies 
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energy to au unbalanced Y-connected load, the neutral of which is 
not grounded. The line currents are, h = 141.4 amperes, h = 100 
amperes and /;} = 100 amperes. One wattmeter is used and it is 
coniKH'.ted with its current coil in line 1 and its potential coil 
across lines 1 and 2. If this wattmeter indicates 70.7 kw. what 
is the total power supj^lied to the load? If the power factors 
of eacli of the three phases are equal what is the voltage between 
tlie neutral of the load and the neutral of the generator? What 
is the power factor? 

27. An unbalanced lamp load, consisting of 115-volt lamps, is 
C()nn(u:!ted in Y across the lines of a balanced 3-phase, 200-volt 
ciixHiit. The line currents are 70.7 amperes, 50 amperes and 50 
amperes respectively. What is the power supplied to this load? 
Wliat is the voltage across each phase of the load? 

28. In problem 27 if the resistances of the lamp load are 
ass\imed to be constant, what will be the currents in the lines and 
neutral when the neutral point of the load is connected to the 
neutral conductor of the circuit? The voltages between the 
neutral conductor and the lines are equal 

29. An unbalanced lamp load is connected in delta across the 
linens of a l)alaTi(^od 3-phase, 230-volt circuit. The resistances 
of tlies(^ loads l)etwe(m lines 1 and 2, 2 and 3, and 3 and 1 are 10 
ohms, 8 ohms and 0 ohms respectively, (a) What are the line 
currouts? (b) If the power is measured by two wattmeters which 
have their current coils in lines 1 and 2 what will each instrument 
indicate? 

30 . An unbalanced lamp load, consisting of 115-volt lamps, is 
connected l)etwecn the lines and neutral conductor of a balanced 
3-phase, 2()0-volt circuit. The resistances of the loads between 
lines 1, 2, and 3 and the neutral conductor are 6, 8, and 10 ohms 
rcispectively. The line voltages are equal and the voltages from 
the lines to the neutral conductor are also equal What would 
two wattmeters indicate which have their current coils in lines 
1 and 2 and their potential coils across lines 1 and 3 and lines 2 and 
3 respectively? What is the total power supplied? What is the 
current in the neutral conductor? 

31 . Three single-phase transformers each of which has a ratio 
of transformation of 2.5 to 1 are connected in delta on the high- 
tension side. The low-tension windings are not connected but 
supply three separate single-phase loads. The first of these loads 
is 90 kilowatts at unit power factor, the second is 60 kilowatts 
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at 0.7 power factor, and the third is 30 kilowatts at unit i)ow(t 
factor. The high-tension line voltages arc GOO volts. N('gl(‘(*t 
the losses in the transformers. What are the high-t(aisi()n line 
currents? 

32 . Three unequal single-phase motor loads are coim<H‘-t(Ml 
across the lines of a balanced 3-phase, 230-volt circuit. The first 
takes 106 amperes at 0.78 power factor, the se(‘on(l tak('s 142 
amperes at 0.82 power factor, and the tliird takes 28.4 kilowatts 
at 0.77 power factor. What are the line curn'uts? 

33 . Three unequal single-phase motor loads are c;ornuH*tt‘d 
between the lines and neutral conductor of a balaiuuHl 3-plias(^ 
350-volt circuit. The voltages from the lines to tlu^ runitral ar(^ 
each 202 volts. The first load takes 20 kilowatts at 0.82 pow(T 
factor, the second takes 28 kilowatts at 0.75 pow(‘r facfi-or, and the 
third takes 36 kilowatts at 0.79 power factor. What is thci 
current in the neutral conductor? 

34 . From the terminals of a 3-phaso, 55()-voIt, t)0-(^ycl(^ 
alternating-current generator runs an artificial transmission line 
which has a resistance of 0.1 ohm and an inductance of 1.0 milli- 
henry per conductor. At the end of this line is a balanced load of 
three reactors connected in Y. The e(|uivalcnt r<\sistan<*(‘ and 
reactance of these reactors should l)e assuiiHul to bt^ (‘onstant. 
The power output of the generator is nu^asun'd l)y tlu^ two-watt- 
meter method with the current coils of the instruments in lin(\s 1 
and 2. The first wattmeter indicates 40 kw. and tlu^ stHunid, 
100 kw. 

If line 3 is opened at the load what power will the instriummts 
indicate? The terminal voltage of the generator is cionstant. 

35 . In problem 34 if line 3 is opened Ix^tween tlu', banninal 
of the generator and the potential coils of the wattmeter, wiiat 
power will the instruments indicate? 

36 . From the terminals of a 3-phase, 500-volt, 25-cycle alter- 
nating-current generator runs an artificial transmission wfiitdi 
has a resistance of 0.3 ohm and an inductance of 3 millih(uirys 
per conductor. At the end of this lino is a balanced load of ilirec 
reactors connected in delta. The equivalent n^sistaiUHi an<l 
reactance of these reactors should be assumed to be constant. 
The power output of the generator is measurcal l)y the two- 
wattmeter method with the current coils of the instrumemts in 
lines 1 and 2. The first wattmeter indicates 50 kw. and the 
second, 25 kw. 
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If line 3 is opened what power will the instruments indicate? 
The terminal voltage of the generator is constant. 

37. In ])ro!)lem 36 if line 3 is opened between the terminal of 
the gcuicrator and the potential coils of the wattmeters what 
])ower will each instrument indicate? The terminal voltage of 
tlie genertitor is constant. 

38. Two alternating-current generators, operating in parallel, 
deliv(U' pow('r to a balanced, 3-phase load. The output of each 
g(ui(M*a.tor is measured by the two-wattmeter method. The 
terminal voltage is 2210 volts. The wattmeter readings are: 

h'irst gcuun-ator Second generator 

IKi = !<)() kw. Wi = 172kw. 

lT 2 = 312kw. F 2 = 88kw. 

The similarly numbered instruments are connected in the same 
linos. What is the total power supplied? What is the power 
facdior of the load? 

39. 'J rwo alternating-current generators, operating in parallel, 
deliver power to a balanced 3-phase load. The output of each 
g(‘nerator is measured by the two-wattmeter method. The ter- 
minal voltage is GG50 volts. The wattmeter readings are: 

First generator Second generator 

IFi = 412kw. lfi-183kw. 

W 2 = 62G kw. If2-457 kw. 

The similarly numbered instruments are connected in the same 
lines. Wliat is the total power supplied? What is the power 
factor of the load? 

40. It is desired to transform 200 kw. from 2-phase to 3-phase 
by Schott-connected transformers. The two-phase line voltage 
is 2200 volts and the tliroc-phase line voltage is 230 volts. What 
should be the current and voltage rating, and the ratio of trans- 
formation of each transformer? 

41. It i*s (Ichsired to transform 100 kw. from 3-phase at 6600 
volts to 2-phase at 110 volts by the means of Scott-connected 
transformers. Wliat vshould be the current and voltage rating, 
and the ratio of transformation of each transformer? 

42. Tliree single-phase transformers are connected in delta on 
both the primary and secondary sides. With a primary voltage 
on open circuit of 22,000 volts the secondary voltage is 440 volts. 
The short-circuit characteristic data of each transformer are: 



112 PROBLEMS IN ALTERNATING CURRENT MACniNERY 

F= 1020 volts, 1=1.136 amperes, P = 351 watts. If the sc'cond- 
ary terminal voltage is 440 volts when tlier(‘ is a siiigl(‘-])haso 
load taking 40 kw. at 0.8 power factor conmuted across om^ ]>has(^ 
of the secondary, what will be the percentage rise in this voltages 
when the load is thrown off? 

43 . (a) On the basis of the same heating loss (*ompan^ the 
full-load kilowatt output at unit power factor of two single-phase 
transformers connected in open delta with tlu‘ir muntvplate 
rating- (b) On the basis of the same heating loss (‘ompan' tluj 

full-load kilowatt output at 0.87 power factor both lagging and 

leading — of two single-phase transfornu'rs coniund t^d in opcui (hdia 
with 87 per cent, of their name-plate rating. I n (sa(*h ciise Hit* load 
is balanced. 

44 . (a) Three single-phase transit irint^rs wit-h htit-h ])rimari(\s 
and secondaries connected in delta supjily a lialanctsi loatl of 100 
kw. at unit power factor. If it is necessary to reinovt* ont^ of Hit'st^ 
transformers from the line by what ptT c(‘nt. will tht* <! 0 |)p(‘r 
loss in each of the other two transformers bt^ iucr(‘ast*d? (b) 
If the load had been a balanced one taking 87 kw. at 0.87 power 
factor — both leading and lagging^ -what would luum htnui tht^ 
per cent, increase in the copper loss in each of tht‘ other 
transformers? 

46 . (a) On the basis of the same copper loss in (*a(di trans- 
former compare the full-load kilowatt output at unit powcu- 
factor of two equal single-phase transformers connec.tcHl in T 
with their name-plate rating, (b) On the basis of tin* same <;oppcr 
loss in each transformer compare the full-load kilowatt output 
at 0.87 power factor of two equal single-phase transformers 
connected in T with 87 per cent, of their name-plah^ rating. 

46 . On the basis of the same copper loss in eacdi transformer 
compare the full-load kilowatt output of two equal singhypluise 
transformers connected in open delta with the full-load output of 
the same transformers connected in T (a) at unit poW(w fa(diOr, 
(b) at 0.87 power factor — both lagging and heading. 

47 . Compare the regulation of three lOO-kv.-a. tnuisformers 
whose primaries and secondaries are connected in dedta with 
rhat of two 100-kv-a. transformers whose i)rinuiri(*s and second- 
taies are connected in open delta when a single-phase load of 
100 kw. at 0.8 power factor is delivered on the secumdary side. 
The secondary or low-tension voltage under load conditions is 2200 
volts and the ratio of transformation is 5 to 1. The short-circuit 
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of each transformer are: 7 = 310 volts, J = 9.1 amperes (full-load) 
P = 1000 watts. In the case of the open delta the load is connected 
acjross one transformer. 

48. In prol)lem 47 compare the regulation in the two cases 
when a single-phase load of 150 kw. at 0.8 power factor is sup- 
plied, which in tlie case of the open delta is connected across the 
terminals of tlie two transformers, i.e., across the open side. 

49- Thrt^e transformers whose primaries are connected in Y 
and wliose secondaries are connected in delta are in parallel on the 
primary side with tlirec others whose primaries and secondaries 
are l)otli (lonnecited in Y. If one secondary terminal of the first 
set is connected to one corresponding terminal of the second set 
what are tlie greatest and least voltages that can exist between 
the otlu'r secondary terminals of the two sets? The line voltages 
on the secondary sides are 1100 volts for the two sets of transformers. 

60. Three transformers whose primaries and secondaries are 
both (umruKited in delta are in parallel on the primary side with 
three others whose primaries are connected in delta and whose 
secondaries are connected in Y. If one secondary terminal of 
the first set is connected to a corresponding terminal of the 
s(K;ond s(d», what are the greatest and least voltages that can exist 
l)etw(Hm the other secondary terminals of the two sets. The line 
voltages are 1100 volts for the two sets of transformers. 

61. Three transformers whose primaries and secondaries are 
both connected in delta are in parallel on the primary side with 
three others whose primaries are connected in Y and whose second- 
aries are connected in delta. If one secondary terminal of the first 
set is connected to a corresponding terminal of the second set 
what are the greatest and least voltages that can exist between 
the otlu^r secondary terminals of the two sets. The line voltages 
are 1100 volts for the two sets of transformers. 

62. Three auto-transformers are connected as shown in Fig. 3 
to receive power from a 3-phase, 11,000-volt circuit. The ratio 
of transformation for each transformer from high tension to low 
tension is 2 to 1. What is the secondary line voltage, and what is 
the phase relation of the corresponding primary and secondary 
line voltages on open circuit? 

63. Three auto-transformers are connected as shown in Fig. 4 
to receive power from a 3-phase, 11,000-volt circuit. The ratio 
of transformation fron high tension to low tension is 2 to 1. What 
is the secondary line voltage, and what is the phase relation of 
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the corresponding primary and secondary line voltiagcs on open 
circuit? 

M* Three auto-transformers are connected as shown in hig. 5 
to receive power from a 3-phasc, 11,000-volt circuiit. ^Jlie ratio 
of transformation for each transformer from liigli tcaisiou to low 
tension is 2 to 1. What is the secondary line voltag(^, and what 




Pio. 5. 


is the phase relation of the corresponding primary and st'comhuy 
line voltages on open circuit? 

65. A 1500-kw., 5500-volt, 3-phasc generator (h'liv(‘rs ])ow(‘r 
to a transmission line through three single-pliast^ transfonmn’s 
which have their low-tension windings couucuduMl in d(‘Ua tmd tlu^ir 
high-tension windings connected in Y. The following data on i, his 
generator and the transformers are given: 


GENEKATOH 


Field current 

Open-circuit terminal 
voltage 

150 

5100 

200 

5900 

250 

6500 

300 

CSOO 

350 

7100 


Hhort-circ.uit armature 
(uirrunt 
300 
‘100 


The core loss at the rated voltage is 20.2 kw. and tlu^ fn<‘tion 
and windage is 8.4 kw. Both of these loss(\s may h<^ assum<‘d 
constant. The effective resistance of the armature is 0.«3d2 ohm 
per phase. The resistance of the field winding is (}.37() ohm. 
The armature windings are connected in Y. 

TRANSFORMER 

Voltap:e Short dreuit 

Kv.-a 

High tension Low tension Ampcjnss^ Volts Wjitts 
500 12,700 ” 5500 39.4 4(tS0 

1 Full-load current. 



POL YPlIAi:iE CIRCUITS 


115 


The core loss at the rated voltage is 3330 watts and may be 
assumed c.onstant. 

(a) When the power delivered to the transmission is 1280 kw. 
at a power factor of 0.83 and a line voltage of 22,300 volts, what 
is the combined efficiency of the generator and transformers? 
Cahuilate the generator field current by the magnetomotive-force 
method. 

(1)) If this load is removed from the line and the field excita- 
tion of the generator is unchanged, what is the high-tension line 
voltag(f? 

66. A 1640-kw., 13,500-volt, 3-phase generator delivers 
powei' to a transmission line through three single-phase trans- 
formers which are connected in Y on both the high- and low- 
t(aision sides. The following data are given on this generator 
and transformers: 


field eurr(5iit 

50 

100 

150 

200 

250 


GENERATOR 

Open-circuit terminal 
voltage 
7,500 
10,100 

14.700 
15,800 

16.700 


Short-circuit armature 
current 

155 

227 


The core loss at tlie rated voltage is 21.3 kw., and the friction 
and windage is 8.8 kw. Both of the losses may be assumed con- 
stant. Tli,c effective resistance of the armature is 1.52 ohms per 
phase. The resistance of the field circuit is 0.392 ohms. The 
armature windings are connected in Y. 

TRANSFORMERS 

Voltage Short circuit 

High tension Low tension Amperes’ Volta Watts 
58,000 7800 13.15 1190 3375 


Kv.-a 

500 


The core loss at the rated voltage is 2960 watts, and may be 
assumed constant. 

(a) When the output of the generator is 1460 kw., at 0.92 
power factor and a terminal voltage of 13,600 volts what is the 
combined eificiency of the generator and transformers? Cal- 
culate field current of the generator by the magnetomotive-force 
method. 

1 Full-loud current. 
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(b) If this load is removed from the line and the field excita- 
tion of the generator is unchanged what is tlio higli-tension line 
voltage? 

67 . A 1000-kw., 2400-volt, 3-phase generator delivers power 
to a transmission line through three single-pliase transform(‘rs 
which are connected in delta on the low-tension and in Y on the 
high-tension side. Each transformer has a ratio of transforma- 
tion of 5.29 to 1. The resistances of the higli- and low-t(uision 
windings are 2.02 ohms and 0.072 ohm rcspe(d/iv(4y. The (‘ff(‘ctive 
resistance of the generator is 0.067 ohm j)er phase. Th(‘ armature 
windings are connected in Y. With tlu^ high-temsion windings 
of the transformers short circuited and with a fiedd (‘X(dtation 
of 100 amperes for the generator the artnaturc^ currc'nt is 458 
amperes. With this same excitation tlu^ open-crircniit terminal 
voltage of the generator is 2220 volts. The rotation losses in the 
generator are 31.2 kw. at normal voltage and the core loss(\s 
in each transformer are 1.8 kw. 

(a) What is the combined efficiency of the gtuierator armature 
and the transformers when a balanced load of 954 kw. at 0.91 
power factor is delivered on the high-tension sid(^ of th(^ trans- 
formers at a line voltage of 22,400 volts? 

(b) What would be the high-tension line voltag(^ if this load 
were removed and the excitation of the generator unchang(Hl? 

68 , A760-kw., 2200-volt, 3-phase generator dedivers powcu* to 
a transmission line through three single-phase transfoniHU's whiidi 
have both their high and low-tension windings conn(HdKHl in Y. 
With the high-tension windings of the transformers short-<dr- 
cuited the output of the generator is 37.8 kilowatts, th(^ armature 
current is 450 amperes when the terminal voltages is 133 volts. 
With the transformers on open circuit and with tlu^ same licdd 
excitation, the terminal voltage of the g(^n(Taiur is 1780 volts. 
The effective resistance of the armature is 0.172 ohm per pliase. 
The armature windings are connected in Y. Tlie rotation losses 
of the generator are 17.2 kw. at normal voltage and the c.am loss 
in each transformer is 1670 watts. The transformers have a 
ratio of transformation of 10 to 1. 

(a) What is the combined efficiency of the generator armature 
and the transformers when a balanced load of 680 kw. at 04) 
power factor is delivered to the transmission line at 22,400 volts? 

(b) What would be the high-tension line voltage if this load 
were removed and the excitation of the generator uncdianged? 



POLYPHASE CIRCUITS 


117 


59 . A 1000-kw., 11,000-volt, S-phase generator delivers power 
to a transmission line at the end of which is a 1200-h.p. induction 
motor. With the induction motor running at no load the exci- 
tation of the generator is adjusted so that the terminal voltage, 
the line current and the total power measured at the motor are 
10,600 volts, 20.2 amperes and 20.4 kilowatts respectively. At 
the same time the terminal voltage and the total power measured 
at the generator are 10,980 volts and 29.8 kw. The field excita- 
tion of tlie generator is adjusted so that, when the motor is deliver- 
ing full load, its terminal voltage is 11,000 volts. The efficiency 
and power factor of the motor at full load are 0.921 and 0.906 
respectively. 

What is the terminal voltage of the generator when the motor 
delivers full load? What is the efficiency of transmission at this 
time? 

60 . A 1000-kw., 13,800-volt, 3-phase generator delivers power 
directly to a transmission line at the end of which is an induction 
motor load. Tlie resistance and reactance of the transmission 
line arc 16.8 ohms and 17.2 ohms per conductor. The generator 
has an effccstivc armature resistance of 2.18 ohms per phase. The 
6(4(1 current is supplied at 120 volts. 


Fit‘l(l 

Oixai-circ-uit terminal 

('urren t 

voltage^ 

''5(f'’ 

8,800 

80 

13,000 

110 

15,600 

140 

17,250 

180 

18,000 


Terminal voltage with an armature 
current of 42 amp. at iisero 
power factor 


10,750 

13,250 

15,600 


On open circuit the rotational losses are 16.6 kw. and 25.4 kw. 
when the terminal voltages are 13,000 and 15,600 volts respec- 
tively. 

Wliat should be the field excitation of the generator so 
that the line voltage at the motor load will be 13,200 volts when 
the motors take 926 kw. at 0.91 power factor? What is the effi- 
ciency of the generator and the line? 

61 , At the end of a 3-phase transmission line is a motor load 
requiring 3000 kw. The line voltage at the load should be 32,000 
volts and the power factor of the load is 0.90. What should be 

‘ The generator is Y-connected.- 
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the resistance and reactance of the line |)er cou(Iu(‘i(jr so that 
the efficiency of transmission will be 90 per cent, and voK.agi^ 
regulation, 12 per cent? 

62. A 1640-kv.-a., 13,500-volt, 3-phase goiu^rator delivia’s 

power directly to a transmission line which has a of 

30.2 ohms and a reactance of 24 ohms per c.onductor. With the 
far end of the line short-circuited and with a field i‘xcitation of 150 
amperes the line current is 138 amperes. With tlu^ sarnc^ fi(4<l 
excitation the open-circuit terminal voltage of tla^ g(‘aerator is 
14,700 volts. The effective resistance of tlu^ annatun^ is 1.52 
ohms per phase. The generator is Y-cormect(‘d. 

What is the combined electrical offici(uicy of the anmiturt^ of 
the generator and the transmission line for a Ioa<l of 1500 kw. 
at 0.90 power factor if the line voltage at the loa<l is 13,200 volts? 
To what value will the line voltage rise if this load is rt‘mov(‘d and 
the field excitation of the generator is umhangcul? 

63 . A lOOO-kv.-a., 11,000-volt, 3-phase gcviun'ator d(hiv(‘rs 
power directly to a transmission line whiih lias n r(‘sistjuuu^ of 
8.42 ohms and a reactance of 0.8 ohms par condu(*tor. 


Field current 

Open-circuit terminal voltage 

1 I{,nt..*tfiunal losses 

20 

8,400 


30 

11,000 

' 19, -100 

40 

12,700 

25,1)00 

50 

13,800 

14,700 

15,500 


60 


70 



The armature has an effective resistance of 0.94 {)hin |)er phas(‘, 
and the windings are connectedin Y. Thefield (uimait is.sip>pIi(Hl 
at 260 volts. With the far end of the line short-(4reuit(‘d 
and with a field current of 40 amperes the lim^ (Uirrent is 115 
amperes. 

If the load at the end of the lino requires 940 kw. at 0.92 pow(‘r 
factor what must be the excitation of the generator in or(ha‘ l.hat 
the line voltage at the load shall be 11,000 volts? 

64 . A 1000-kw., 13,800-volt, 3-phase ali(vrnatin.g-(uirrent 
generator delivers power over a transmission liru^ to a syiuthronous 
motor load. The resistance and reactance of tlie line are 1(5.5 
and 17.1 ohms per conductor respectively. The arinaiun^ of 
the generator has an effective resistance of 2.18 ohms per phaH<L 
The field current is supplied with 120 volts. 
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Field current 

Open-circuit 
terminal voltage^ 

Coro loss at 
open circuit 

50 

8,800 

7.5 

SO 

i;?,(K)o 

16.6 

no 

ir),f)()o 

25.4 

140 

17,250 

33.5 

180 

18,000 



With tho syll(^ilron()us motor running at no load and with under 
excitation the line current has its fulhload value of 42 amperes, 
the line voltage at the motor is 13,200 volts and the power 
su|)})lie<l to the motor is 28.6 kw. At this time the field excita- 
tion of tlie g<ui(u-ator is 161 amperes. 

Wlum tho motor load requires 1000 kw. what must be the 
excitjition of the generator in order that it shall operate at unit 
power fa<;tor‘-^ and the line voltage at the load shall be 13,200 
volts? Wliat is the power factor of the load? 

66. A 3r)00-kw., 10,000-volt, 2-phase alternating-current 

g(ui('.rator delivers power through Scott transformers to a three- 
l)hasc transmission line. With the far end of this line short- 
(urcuitod the output of the generator is 490 kw. and the armature 
(Uirrent and terminal voltage are 220 amperes and 1630 volts. 
On open circuit the high-tension line voltage is 33,000 volts when 
the terminal voltage of the generator is 10,000 volts. The arma- 
ture lias an effective resistance of 0.64 ohm per phase The open- 
and short-circuit characteristics are: 


Field current 


100 

200 

250 

300 

375 ) 


Open-circuit Short-circuit 

terminal voltap;o armature current 


7,700 

10,200 

10,900 

11,500 

12,200 


220 

430 


If there is a load requiring 3200 kw. at 0.91 power factor at the 
end of the line, what must be the excitation of generator in order 
that the line voltage at the load shall be 30,000 volts? (Use the 
magnetomotive-force method when dealing with the generator.) 

66. A 1000-kw., 13,800-volt, 3-phase alternating-current 

generator delivers power over a transmission line which has a 

1 The armature windings are connected in Y. 

2Tho excitation of tho motor must also be properly adjusted for this to 
occur. 

9 
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resistance of 16.4 ohms and a reactance of 17.2 ohms con- 
ductor to a 1340“h.p. synchronous motor. Both gcuierator and 
motor have their armatures connected in Y. This motor is 
rated for 11,000 volts and has an effective armature n\sistau<‘(^ of 
0.94 ohms and a synchronous reactance of 46 ohms per phase. 
The effective resistance and synchronous reacdance of th(i 
generator are respectively 2.18 ohms, and 82 olims peu* phas(^. 
The rotation losses of the motor are 22 kw. and may In) assunKnl 
constant. For certain excitations of g(uu‘rator and motor the 
line current and power factor at the motor an^ rosiandiva'I}^ 4«8 
amperes and 0.92 (lagging) when the motor d(Tiv(x-s 1 MO h.p. 

If the excitations are unchanged what will 1)(^ tln^ lim^ (uirnuit 
and the terminal voltages of the generator and motor if t.he load 
on the motor is thrown off? 

67 . A 1500-kv.-a., 5500-volt alternator dedivers (mergy to 
a high-tension transmission line throiigli step-up trausform(‘rs, 
the low-tension windings of which are conn(K‘.t<Ml in d(dta and the 
high-tension windings in Y. The neutrals of the g(xuu'ator and of 
the high-tension transformer windings are groundiHl The 
transformers have a ratio of transformation of 6.3 to 1.0. 


GKNEKATOR CITARACTEIUSTK’S 


Field current 

Terminal voltaft-o 
on open circuit 

Arnuitunt (turnout 
on Hhort (dr<niit 

100 

3500 

200 

150 

5100 

aoo 

200 

5900 

4(){) 

250 

6500 


300 

350 

6S00 

7100 



The effective resistance of the armature is 0.36 ohm i)(»r ])}ias(». 
The reisstance of the field circuit is 0.386 ohm. powcT 

required to drive the generator on open circuit witli a terminal 
voltage of 5500 volts is 28.6 kw. 

TRANSFORMER CHARACTERISTICS 

With the high-tension winding short-circuited and 170 volts 
impressed on the low-tension winding the current supplie<l to a 
transformer is 91 amperes and the power is 4.26 kw. At no load 
and with 5500 volts impressed on the low-tension winding the 
power is 3.12 kw. 

With a balanced load of 1360 kw. at 0.83 power factor delivered 
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to the hi^i;h-teiision line at 60,000 volts what must be the gen- 
erator’s excitation? What is the combined efficiency of the gen- 
era, tor and the transformers at this load? If this load were 
removed what would be the high-tension line voltage if the 
(excitation of the generator were unchanged? Use (a) the syn- 
clironous impedance method and (b) the magnetomotive-force 
method wIkmi (calculating the field current of the generator. 

68. A lOOO-kv.-a., 2400-volt alternator delivers energy to a 
higli-t(‘nsion transmission line through step-up transformers both 
the low- and high-tension windings of which are connected in Y. 
The armature windings of the generator which are connected in 
d(4ta have an effective resistance of 0.20 ohm per phase. The 
rc^sistantce of tlie field circuit is 0.427 ohm. 


GENEllATOR CHARACTERISTICS 


Field 


Terminal voltage 

Core loss on 

Mimmi 

terminal voltage 

la -139. P.F.=0 

open circuit 

00 

1470 


7.6 

,100 

2220 


17.9 

MO 

270() 

1920 

28.5 

ISO 

2080 

2370 

37.0 

220 

3180 

2630 



Th(5 friction and windage loss is 8.2 kw, 

TRANSI^'ORMER CHARACTERISTICS 

The transformers have a ratio of transformation of 1390:12,700 
volts. With the low-tension winding short-circuited and with 
332 volts impressed on the high-tension winding the current is 
26.2 amiicres and the power is 3120 watts. The core loss at the 
rated voltage is 2220 watts. 

The heaviest load that the high-tension line requires is 1000 kw. 
at 0.88 power factor and the necessary line voltage is 24,500 volts. 
What must lie the terminal voltage of the exciter for this load? 
What is tlie combined efficiency of the generator and the trans- 
formers at this load? 

69. A ir)00-kv.-a., 5500-volt alternator delivers energy to a 
high-tension transmission line through three step-up transformers, 
the low-tension windings of which are connected in delta and the 
high-tension windings in Y. The neutrals of the generator and 
of the high-tension transformer windings are grounded. The 
transformers have a ratio of transformation of 3.2 to 1.0. The 
calculated resistance and reactance of the high-tension line are 
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48.6 ohms and 59.4 ohms per conductor respectively. The gen- 
erator has an effective armature resistance of 0.3() uJun pc^r ])hase. 
The open- and short-circuit characteristic data for the gtuu^rator 
are: 


Field 

current 

Terminal voltage 
on open circuit 

100 

3500 

150 

5100 

200 

5900 

250 

6500 

300 

6800 

350 

7100 


Anna-turo vAimni 
on short 
200 
300 


With the far end of the transmission line short-(;ircuit(‘d th(^ 
generator supplies a current of 165 amperes at a tcu’minal i)ot<uitial 
of 860 volts, and the power delivered to the transformers and liiui 
is 146 kw. 

If, when the far end of this transmission line delivers a balancc'd 
load of 1450 kw. at a power factor of 0.93, the lino potential differ- 
ence at the load is 30,000 volts, to what value would this v(yltag(^ 
rise if the load were removed? Use what you consid(^r tlu^ most 
exact method of calculation. 

70. A lOOO-kv.-a., 13,800-volt generator delivers power ov(‘r 
a transmission line and through step-down transformers whi(di arc^ 
connected in delta on both the high- and low-tension sid(^s. Tlui 
armature windings of the generator, which am (;onn<Ktt(Kl in Y, 
have an effective resistance of 2.18 ohms per pliase. The resist- 
ance of the field circuit is 0.541 ohm. 


GENERATOR CHARACTERISTICS 


Field 

Terminal voltage 

Terminal voltage 

Gore loHH on 

current 

on open circuit 

/« = 42 P.F.=() 

open (urcniit 

60 

8,800 


7.5 

80 

13,000 


36.6 

110 

15,600 

10,750 

25.4 

140 

17,250 

13,250 

33.5 

180 

18,900 

15,600 



The friction and windage loss is 7.9 kw. 


TRANSFORMER CHARACTERISTICS 

Each transformer has a ratio of transformation of 425:13,200 
volts. With the low-tension winding short-circuited and with 
1100 volts impressed on the high-tension winding the current 
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is 25.2 ainperos ami the power is 3070 watts. The core loss 
at the rated voltage is 2130 watts. 

Tlio calculated resistance and reactance of the transmission 
line are 15.7 ohms and 16.2 ohms per conductor. 

With the low-tension windings of the transformers short-cir- 
cuited what must be the terminal voltage of the generator in 
order that it will deliver its full-load current? When the trans- 
formers deliver a load of 1000 kv.-a. at 0.90 power factor and a 
lim^ voltages of 420 volts what is the necessary excitation of the 
g<uierator, and what is the combined efficiency of the generator, 
lim’j and transformers? 

71. An 850-kv.-a., 11,000-volt, Y-connected generator delivers 
(Uicrgy over a transmission line and through transformers, that 
are coniKM^ted in Y on the high-tension and in delta on the low- 
tension sides, to a load of induction motors and a synchronous 
motor. Th() resistance and reactance of the line are 11.4 ohms 
and 10.6 ohms per conductor respectively. The transformers are 
<^a(dii rat(Hl to deliver 300 kw. with a ratio of transformation of 
6600:660 volts. 


GUNEIIATOR CHARACTERISTICS 


Field 

Opon-circuit 

Short-circuit 


phase voltage 

armature current 

25 

2200 

72 

50 

4070 


75 

5500 


100 

6270 


125 

6930 


150 

7370 


175 

i 7700 



The ohmic resistance of the armature between terminals is 
3.32 ohms at the running temperature. The effective resis- 
tance is 1.45 timevS the ohmic resistance. The field resistance is 
0.723 ohm. The core and friction losses are 26 kw. at the rated 
voltage. 


TRANSFORMER CHARACTERISTICS 

With the low-tension winding short-circuited and with 240 
volts impressed on the high-tension winding the current is 47 
amperes and the power, 2.8 kw. The core loss at the rated vol- 
tage is 2.6 kw. 

The induction motors take a constant load of 220 kw. at 0.83 
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power factor. The synchronous motor takes a constant load of 
460 kw., and, with the greatest allowable field excitation, it s line 
current is 610 amperes and the terminal voltage is boosted to 
650 volts. 

Calculate the terminal voltage of tlie generator’s (‘xctitx'r and 
the combined efficiency of the generator, line and transfomuu’s. 

Use what you consider the most exact method. 

72 . A constant induction motor load taking 2500 kw. at 
0.55 power factor and with a line voltage of 13,200 volts is at 
the end of a short transmission line. For this load the (4!ici(nu^y 
of transmission is 91.3 per cent, and the voltage regulation of the 
line is 11.2 per cent. A synchronous motor of suitabki (capacity 
is added at the load so that when running light with fuU-loa<l 
current the resultant power factor at the load is iiua-i^ased to 
0.93. Assume that the efficiency of this symihronous motor 
at full load and unit power factor is 0.93. The voltage at the 
load is maintained constant. 

What is the necessary capacity of the synchronous motor? 
What are the efficiency of transmission and the voltagt^ i'vgula- 
tion of the line after the synchronous motor is add(ul? 

73 . An induction motor load at the end of a tlmH^^hasci 2r>-t‘y<‘l<^ 
transmission line takes 7600 kw. at 0.65 powt^r fa(‘tor and 
with a line voltage of 11,000 volts. The rcsistamu^ and induc- 
tance of the line are respectively 1.4 ohms and 6.5 millihcmrys ixa* 
conductor. A synchronous motor, running light and taking 
full-load current, is added at the generating station to improves 
the power factor and thus increase the ca|)acity of tlu) line at iho 
load. Assume that the full-load efficiency of this motor is 94 
per cent, when operating at unit power factor. The voH;ag(i 
at the load is maintained constant. Induction motors, ojx^rating 
at the same power factor as do the others, are added at lh(^ load 
and the synchronous motor is adjusted so that the gcou'ral.ing 
station operates at 0.95 power factor. For the same liiu^ (uir- 
rent in the station as was required before the addition of iho 
synchronous motor calculate the permissible inen^ase in tlui 
induction motor load. What is the kilovolt-am|)(T(i (capacity of 
the necessary synchronous motor? What is the line voltage at 
the generating station before and after the synchronous motor 
is added? 

74 - An induction motor load taking 5400 kw. at 0.65 power 
factor and with a line voltage of 13,200 volts is at the end of a 
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three-phase transmission lino, which has a resistance of 2.38 ohms 
and an inductance of 7.C millihenrys per conductor. The full- 
load capacity of the generatirg station is 320 amperes per line. 
A synchronous motor is to be added at the load both to compensate 
for power factor and to supply additional power. Assume that 
the efficiency of this synchronous motor and its exciter is 92 per 
(!ont. at full load and with unit power factor. The voltage at 
the load is maintained constant. The frequency is 60 cycles. 

( 'alculatc the kilovolt-ampere capacity of the synchronous motor 
so tliat the gemerating station can deliver its full-load current at 
().i).5 power factor. What additional power can the synchronous 
motor supi)ly? At what power factor does the synchronous 
motor operate? What is the necessary line voltage at the 
geiuirating station before and after the synchronous motor 
is added? 

76. An induction motor load taking 26.000 kw. at 0.68 power 
factor and with a line voltage of 6600 volts is operated at the 
tmd of a high-tension transmission line. At the ends of the line 
there are stoi)-up and step-down transformers, which have the 
same ratio of transformation. The total equivalent resistance and 
reactance of the line and transformers referred to the low-tension 
sides are 0.21 ohm and 0.25 ohm at 25 cycles respectively.^ Syn- 
chronous motors, running light, but taking their full-load current, 
are added at the load to improve the power factor and thus 
increase the capacity of the generating station. Assume that the 
full-load effi(!iency of the synchronous motors and their exciters 
is 0.92 at unit power factor. The voltage at the load is main- 
tained constant. Induction motors operating at the same power 
factor as do the others are added at the load and the synchronous 
motors are adjusted so that the resultant power factor of the load 
i.s inereas(!d to 0.94. 

For the same line current as required before the addition of 
the synchronous motors calculate the permissible increase in the 
induction motor load. What is the necessary kilovolt-ampere 
capacity of the synchronous motors? At what power factor was 
the generating station operating before and after the synchronous 
motors wore added? What was the line voltage at the generating 
station before and after the synchronous motors were added? 

^ Per line. 



CHAPTER VII 


NON-SINUSOIDAL WAVES 

1 . The equations for the open-circuit i)lias(i voltaKos of a 
three-phase, Y-connected, alternating-current g(‘uerator are: 

Cl = 180 sin cot+QO sin 3 wt 

2t7C 2i7C 

62 = 180 sin -^-)+ sin 3(wi5— 

4:TC 47r 

63 = 180 sin (cot — 60 sin Z(cot—-^) 

What is the equation of the line voltage, 612? Wliat wtjuld a 
voltmeter indicate when connected across one ])hase? Wluni 
connected across the line terminals? 

2 . The equations for the open-circuit |)hase voltiigc^s of a tliree- 
phase, Y-connected, alternating-current gen(u-ator are: 

61 = 5300 sin ^e^-|-1200 sin 3 cot 

62 = 5300 sin ^ )-l-1200 sin 3iod- 

4-7T 4/7 

63 = 5300 sin )-t-1200 sin 3^- 

What is the equation for the line voltage 612? What would a 
voltmeter indicate when connected across one phase? When 
connected across the line terminals? 

3 . The equation for the voltage betweem liiui and mnitral of 
a four-phase generator is: 

61 = 1600 sin cot+500 sin 3 wL 

What is the equation for the voltage between adjiuHuit line 
terminals? What would a voltmeter indicate wlienconiujcted 
between line and neutral? Between adjacent lines? 

4 . The equation for the voltage between line and neutral of a 
four-phase generator is: 

61 = 1600 sin t^^+400 sin 5 wt 

What is the equation for the voltage between adjacent line ter- 

126 
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miiials? What would a voltmeter indicate when connected 
betwcHui line and neutral? Between adjacent lines? 

6. The .phase voltage of a three-phase, Y-connected, alternat- 
ing-(nirreut generator is 3750 volts. This consists of a funda- 
nuuital and a third liarmonic which is 30 per cent, of the funda- 
iiuuital. What is the line voltage? 

6. The phase voltage of a three-phase, Y-connected, alternat- 
ing-(‘urr(ait generator is 2900 volts. This consists of a funda- 
mental and a fifth harmonic which is 25 per cent, of the funda- 
mental. Wliat is the line voltage? 

7. The phase voltage of a 3-phase, Y-connected, alternating- 
current generator is 3980 volts, while the line '^'cltage is 6600 
volts at the same time. If it is assumed that the phase voltage con- 
tains no harmonic liigher than the seventh, what is the magnitude of 
tlic tliird liarmonic in the phase voltage? 

8. The phase voltage of a three-phase, Y-connected, alternat- 
ing-current generator is 3010 volts while the line voltage (at the 
same time) is 5000 volts. What is the greatest value that a third 
harmonic component of the phase voltage can have? 

9. The phase voltage of a three-phase, Y-connected, alter- 
nating-current generator is 138 volts while at the same time the 
lino voltage is 230 volts. If the phases of this generator were con- 
nected in delta, what would be the unbalanced voltage tending to 
mt up a circulating current in the windings? 

10. Two transformers are arranged after the Scott method 
of connection to transform power from two-phase to three-phase. 
Their ratios of transformation are 1:10 and 1:8.66. 

If there are impressed on the two-phase side electromotive 
forces whose equations are 

Cl = 1550 sin wi-|-500 sin 3 ojty 

and C 2 = 1550 sin ((ot— 2^+600 sin 2 ), 

what arc the equations for the line voltages on the three-phase 

side? 

11. In problem 10 if there are impressed on the two-phase side 
electromotive forces whose equations are, 

Cl = 1550 sin w^+300 sin 5 cot, 
and C 2 = 1550 sin (cot—^+ZOO sin 5(a»^— 2 ) 
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what are the equations for the lino volta»:es on the three^-phase 
side? 

12 . In problem 10 there are impressed on tlu^ two-pliascs sid(‘ 
equal electromotive forces which contain a third and a fifth Iiar- 
monic. The effective value of these eletd-roiiiolivt* for(‘<\s is 
1100 volts and the harmonics are respectively O.d and 0.2 of ilui 
fundamental. What are the effective values of tlu^ threcsplmsii 
line voltages? What per cents, of the fundanumtal conqxjiuuits 
are each of the harmonics in these line voltage's? 

13 . The line voltage and the voltage to neutral of a balama'd 
three-phase circuit are respectively 230 volts and 139 volts. The 
voltage to neutral contains a fundamental and a tliird harmonic 
only. Three equal resistance units of 10 ohms (‘a(‘h are connetd.i'd 
in Y across the lines of this circuit. 

(a) What is the line current? What are th(^ liiu^ and lu'utral 
currents when the neutral point of the resistam^e units is <*onnected 
to the neutral of the circuit. 

(b) If the power is measured by the two-wattm('t('r nu'thod 
what would be the indicated power before and afhu* th(^ c(mtu*<ttion 
to the neutral is made? If a wattmeter (u)nn(Hdfed in tlu^ 
circuit with its current coil in the neutral and its ])otc'ntial coil 
between the neutral and one of the lines, what would this watt- 
meter indicate in the second case? 

14 . The voltage to neutral of a l)alanced tliree-phase c.ircuit 
is 134 volts, and it contains a fundamental and a fiftli liarmonit^ 
which is 0.2 of the fundamental. Three e(|ual resistatuM^ tmits of 
10 ohms each are connected in Y across the lines of this c,ircuit. 
What is the line current? If the neutral point of th(^ rcnsistance 
units and the neutral of the circuit are connec.tcul what is the cur- 
rent in the neutral conductor? What is tlic total power sui)j)ru'd 
in each case? 

16 . The line voltage and the voltage to neutral of a l)alanced 
three-phase, 60-cycle circuit are n^specdivoly 230 volts and 139 
volts. The voltage to neutral contains a fundamental and a 
third harmonic only. Three equal air-core reactors, ea(*h having a 
resistance of 5 ohms and an inductance of 0.015 henry, are con- 
nected in Y across the lines of this circuit. 

(a) What is the line current? What are the line and ncnitral 
currents when the neutral point of the reactors is connected to 
the neutral of the circuit? 

(b) If the power is measured by the two-wattmeter method 
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what is the indicated power before and after the connection to the 
neutral is made? If a wattmeter is connected in the circuit with 
its current coil in the neutral and its potential coil between the 
neutral and one of the lineS; what would this wattmeter indicate 
in the s(^cond case? 

16. Th(i voltage to neutral of a balanced, three-phase, 60- 
cyclo eircuiit is 134 volts, and it contains a fundamental and a fifth 
harmonic which is 0.2 of the fundamental component. Three 
eciual air-core reactors, each having a resistance of 5.0 ohms and 
an inductance of 0.015 henry, are connected in Y across the lines 
of this (dreuit. What is the line current? If the neutral point of 
these rea(!tors and the neutral of the circuit are connected what is 
the (jurrent in the neutral conductor? What is the total power 
sui)|)licd in each case? 

17. The line voltage and the voltage to neutral of a balanced 
three-phase, GO-cycle circuit are 230 volts and 139 volts respect- 
ively. The voltage to neutral contains a fundamental and a 
third harmonic only. Three equal impedance units, each con- 
sisting of a resistance of 5 ohms in series with a capacity of 25 
microfarads arc connected in Y across the lines of this circuit. 

(a) What is the line current? What are the line and neutral 
currents when the neutral point of this load is connected to the 
neutral point of the circuit? 

(1)) If the power is measured by the two-wattmeter method 
wliat is the indicated power before and after the connection to the 
neutral is made? If a wattmeter is connected in the circuit with 
its current coil in the neutral and its potential coil between the 
neutral and one of the lines, what will it indicate in the second 
case? 

18. The voltage to neutral of a balanced three-phase, 60-cycle 
circuit is 134 volts, and it contains a fundamental and a fifth 
harmonic which is 0.2 of the fundamental component. Three 
equal impedance units, each consisting of a resistance of 5 
ohms in series with a capacity of 25 microfarads, are connected in 
Y across the lines by this circuit. What is the line current? If 
the neutral point of this load is connected to the neutral point of 
the circuit what is the current in the neutral conductor? What 
is the total power supplied in each case? 

19. Three uneqxxal lamp loads are connected between the 
lines and neutral of a balanced three-phase circuit. The line 
voltage is 230 volts and the voltage to neutral is known to contain 
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a third harmonic which is 0.3 of tlic fundanu^utal coiupoiKMit. The 
resistances of the lamp loads are 5, 8, and 10 ohms. Wha,i are 
the line currents, the neutral current, and tiic total ])ow(‘r 
supplied? 

20 * Three equal lamp loads are connectcai in Y a(*ross the liiu's 
of a balanced three-phase circuit The line voIta|i;(‘s a.r<^ 230 
volts and the voltage from line to neutral is 130 volts. The latt(‘r 
voltage is known to contain harmonics. Tlic resistance^ of (‘atOi of 
the lamp loads is 5.0 ohms. What will be th(^ effecd. on tlie line 
current if the neutral point of the load is contiectcul tlirough 
a resistance of 2 ohms to the neutral of the (tircuit? I^y what 
amount is the power supplied to the lamps increased? What is 
the loss in the 2-ohm resistance? 

21 . The voltages from the lines to the neutral conductor of a 
balanced three-phase circuit are each 140 volts. Tlinn^ (‘qual 
resistance units of 10 ohms each are connoet(‘d in Y aoross this 
circuit. A voltmeter connected between thi^ mmtral |)oint of 
this load and the neutral conductor indic-att's 40 volts. What 
power will these resistance units take if the neutral point of tbe 
load is directly connected to the neutral conductor? What will 
be the current in the neutral conductor? 

22 . The line voltages of a three-phase (dreuit are equal and 
maintained constant. The voltages from the lines to thc^ lunitiral 
conductor, which are known to contain third harmonicas, arc^ also 
maintained constant and are each equal to 140 volts. Thre^c 
equal resistance units of 10 ohms each are connected in Y across 
this circuit. The measured voltage from the neutral of tins 
load to the neutral conductor is 40 volts. What curretit will 
exist in the neutral conductor if a resistance unit of 5 oliins is 
connected between these two points? What is tlie efTcHdivc 
voltage across each of the equal resistance units l)eforc and after 
this additional resistance is inserted in the circuit? 

23 . Three hypothetical impedance units, a resistane<v a red- 
actor, and a condenser are so constructed that at 60 cy(;l(^s the 
values of their impedances may be represented in the comphix 
notation by: Zi = 10+j0, z^-O+jlO mkI 2:2==0“;/10. These 
impedance units are connected between the mains and neutral 
of a balanced three phase, 60-cycle circuit The lino voltagcds are 
each 230 volts, and the voltages between the lines and tlud neutral 
are equal and consist of a fundamental and a third harmonic 
which is 0.3 of the fundamental component. The first impedance 
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unit is connected from line (1), the second, from line (2), and the 
third, from line (3) to the neutral. 

If the cyclic order of the line voltages is such that the funda- 
mental (component of leads F23 by 120 degrees what are the 
line currents? What is the neutral current? What is the total 
1)0 wer supplied? 

24* In problem 23 if the cyclic order of the line voltages is such 
that the fundamental component of F12 lags 723 by 120 degrees 
what are the line currents? What is the neutral current? What 
is the total power supplied? 

26* Tliree hypothetical impedance units, a resistance, a react- 
ance, and a condenser are so constructed that at 60 cycles their 
values may be presented in the complex notation by: 21 = lO+iO, 
sjjjsaO+ilO, 213 = 0— jlO. These impedance units are connected 
between the mains and neutral of a balanced three-phase, 60- 
cycle circuit. The line voltages are each 230 volts, and the vol- 
tages between the lines and the neutral are equal and consist of a 
fundamental and a fifth harmonic which is 0.25 of the 
fundamental component. The first impedance is connected 
from line (1), the second, from line (2), and the third, from line 
(3) to the neutral If the cyclic order of the line voltages is 
such that the fundamental component of 7i2 leads 723 by 120 
degrees what are the line currents? What is the neutral current? 
What is the total power supplied? 

26* In problem 25 if the cyclic order of the line voltages is 
such tliat the fundamental component of 7i2 lags 723 by 120 
degrees what arc the line currents? What is the neutral current? 
What is the total power supplied? 

27. Three hypothetical impedance units, a resistance, a 
reactor, and a condenser are so constructed that at 60 cycles 
their values may be represented in the complex notation by: 
2:3L«10+j0, 22 = 0-bil0, 253 = 0-il0. These impedance units are 
connected in delta across the lines of a balanced three-phase, 
GO-cyclo circuit. The line voltages are each 230 volts and con- 
sist of a fundamental and a fifth harmonic which is 0.25 of the 
fundamental component. The first impedance is connected 
between lines 1-2, the second, between lines 2-3, and the third, 
between lines 3-1. 

If the cyclic order of the line voltages is such that the funda- 
mental component of 7 i 2 leads 723 by 120 degrees what are the 
line currents? 
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28 . In problem 27 if the cyclic order of tlie line voltap;(‘s is su(‘!i 
that the fundamental component of Vn Ings Vu hy 120 dc'grees 
what are the line currents? 

29 . Three equal resistance units of 50 ohms ea(‘h are (iomuad-CHl in 
Y across the mains of a balanced three-pliase, 230-volt (‘ir(*uit. An 
air-core reactor which has a resistance of 0.5 ohm and an induc- 
tance of 5 millihenrys is connected from neutral point of this 
load through a switch to the neutral conductor of tluj cirtmit, Tlie 
voltage across the open switch is 40 volts. Tlu‘n‘ is no higlu»r 
harmonic than a third present. 

(a) With the switch open what is the line (uirnmt? What is 
the total power supplied? 

(b) With the switch closed what is the line curnmt? What is 

the neutral current? What is the total pow(‘r sup]>licd? What 
are the voltages across the resistance units and aft(‘r tli<'. 

switch is closed? What is the voltage across tlio rea<;tor aft(‘r 
the switch is closed? 

30 . In problem 29 if the air-core reactor is rcplactnl by a (von- 

denser which has a capacity of 50 microfarads what are thc^ line 
currents before and after the switch is clostai? What is thc^ 
neutral current after the switch is closed? What is tlu^ total 
power supplied with the switch open? With the switeJi clost^l? 
What are the voltages across the resistance units and aft(‘r 

the switch is closed? What is the voltage across th(^ cundiiuser 
after the switch is closed? 

31 . The voltages between the lines and neutral conductor of a 
balanced three-phaso; 60-cycle circuit are each 140 volts. Three 
equal condensers each of 50 microfarads capacity are (soniuatted 
in Y across the lines of this circuit, and from tlunr common junc- 
tion a non-inductive resistance unit of 10 ohms' rt^sistancxi is con- 
nected through a switch to the neutral conductor. Tlui voltage 
across the open switch is 45 volts. There is no higluu* liarnumic; 
than a third present, (a) With the switch open what is tln^ line 
current? What is the total power sui)j)lied? (1)) With the switch 
closed what is the line current? Wlmt is the neutral cauTent? 
What is the total power supplied? 

32 . In problem 31 if the non-inductive resistancas unit is 
replaced by an air-core reactor which has a resistance of 0.5 
ohm and an inductance of 5 millihenrys what are the line cur- 
rents before and after the switch is closed? What is the neutral 
current after the switch is closed? What is the total i)ower sup- 



NON-jSINUSOIDAL wavm 


133 


plied with the switch closed? What are the voltages across the 
condcusers before and after the switch is closed? What is the 
voltage across the reactor after the switch is closed? 

33 . Three equal lamp loads each of which has a resistance of 
5 ohms are connected in Y across the lines of a balanced 230-volt, 
3-phase circuit. Due to harmonics the voltages from the lines to 
the neutral conductor of the circuit are each 140 volts. The 
power supplied is measured by the two-wattmeter method. 

(a) What are the line currents and the wattmeter readings? 

(b) If the neutral point of the load is connected to the neutral 
conductor what will the wattmeters read? What is the power 
supplied? Compare the true power factor of this load with that 
calculated from the wattmeter, voltmeter, and ammeter readings. 

34 . Three unequal lamp loads are connected between the lines 
and the neutral conductor of a balanced 230-volt, 3 -phase circuit 
Due to third and fifth harmonics, which are respectively 0.3 and. 
0,25 of the fundamental, the voltages from the lines to the neutral 
conductor are each 140 volts. The effective line currents are 
20 amperes, 30 amperes and 40 amperes respectively. What is 
the current in the neutral conductor? 

36 . In problem 34 if fuses in the third line and in the neutral 
conductor blow, what current will the lamp loads take, and what 
will be the voltage across each of them? Assume that the resist- 
ance of each lamp circuit is constant. 

36 . By mistake three equal air-core impedance units are con- 
nected in delta across two of the mains and the neutral conductor 
of a three-phase, 60-cycle circuit. Each of these impedance units 
has a resistance of 5 ohms and reactance of 2 ohms at 60 cycles. 
The voltages between the mains and neutral conductor are each 
140 volts, and the voltage between any two of the mains is 230 
volts. Assume that there are no harmonics higher than the third 
present. What are the currents in each of the impedance units? 
Wiiat are the currents in the mains and in the neutral conductor? 

37 . Two suitable transformers are arranged after the Scott 
method of connection to transform from 2-phase to 3-phase. 
Each of the two-phase line voltages is 2200 volts and consists of 
a fundamental and a third harmonic which is 30 per cent, of the 
fundamental. The 3-phase line voltages each have an effective 
value of 230 volts. The frequency of the fundamental is 60 
cycles. Neglect the resistance and the leakage reactance of the 
transformers. 
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(a) If three equal lamp loacb, caeh of which has a n‘si.stau(‘c of 
5 ohms, are connected in delta across tlu^ 3-|)has(» Iiiu\s what, 
current does each take? 

(b) If three equal lamp loads, eacli of which has a resisiaiuM^ of 
3 ohms, are connected in Y across the 3-phas(‘ Iiiu\s what <airr(ait 
does each take? 

38. In problem 37 three equal air-core r{‘actors» c*a(‘h of whi(‘h 
has a resistance of 5 ohms and an indu{d.aii(*(^ of 7.5 inil-lumrys, 
are connected in delta across the 3-phasc liiuss. What curn^ut 
does each take? What is the line current? 

(b) If these reactors are connected in Y what currcmt will 
each take? 

39 . In problem 37 three equal im])(Mlauc*(' tinits, ea<*li eon- 
sisting of a resistance of 20 ohms in scries with a (‘ondcnser 
of 50 microfarads’ capacity, are connect'd in d(‘lta at^ross tlu' 3- 
phase lines. What current does each unit takc^? What is the 
line current? 

(b) If these impedance units are conn(Hh.(Ml in Y what (Uirrcmt 
will each take? 

40 . In problem 37 three hypothetical inip(Hlaiic(‘ units are 
connected in delta across the 3-phaso lines. Tlu^ valtms of these 
units at 60 cycles may be represented in the <u)mpl(‘x notation by : 
2;i==10+./0, Z 2 = 0-j-jl0, Zs = 0—jl0. What curnnit docs (^acih 
unit take? What are the line currents? 

41 . In problem 37 the smaller transformer is tapp<‘d at a 
point two-thirds from its line terminal to give a luuitral on the 
3-phase side. The three hypothetical imp(Hl:uu'(‘ units deserilxHl 
in problem 40 are connected in Y between the liin^s and ninitral. 
What are the line currents? What is the neutral (uirnuit? 

42 . A 3-phase, 60-oycle alternating-current g(ai(‘rator supplies 
powertoa transmission line through step-up transfornuTS wlioso 
low tension windings are connectcnl in Y and whos(i lugli-buision 
windings are connected in delta. These transfonntu’s iiro rabul at 
3333 kv.-a., and have a voltage ratio of 3, 800 to 80, 000 volts. With 
the high-tension winding short-circuited and with 162 volts at 60 
cycles impressed on the low-tension winding full-load (uirrent 
exists in each winding and 18.85 kw. is supplied. The lumtral 
points of both the generator and the low-tension windings of the 
transformers are connected to the same ground bus. When the 
transformers are delivering no load on the high-tension side and 
the excitation of the generator is adjusted so that its terminal 
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voltage is 6600 volts the voltage from line to neutral is found to 
be 3850 volts. A third harmonic in the phase voltage is sus- 
])e(':t(Hl, and tlie oscillograph shows that one with a magnitude of 
14 })er (Halt, of the fundamental docs exist. 

Whivt is tlu^ (H)pi)er loss in each transformer when there is no 
load (k^livered to the high-tension line. Compare this with the 
full-load (H)|)per loss that would be produced in the transformers 
if their mnitral point was not grounded. 

43. A 1000-kw., G-phasc, 25-cycle, 600-volt rotary converter is 
with power from a 3-phase, 13,200-volt transmission 
line. The lugh-tonsion windings of the transformers are con- 
nee tcnl in delta and the low-tension windings are connected to 
dianietri(;al points of tlie armature of the rotary. With the low- 
tension winding of a transformer short-circuited and with 345 
volts at 25 cycles impressed on the high-tension winding, full- 
load current, or 25.2 amperes exists in the winding and 3070 
watts is supplied. When the rotary is delivering about full load 
and the excitation is adjusted for near unit power factor receive 
the transformer 1120 kw. and the line voltage and current are 
13,200 volts and 49.8 amperes. Oscillograph records show that 
at this time there exists across diametrical points of the arma- 
ture of the rotary a voltage which practically consists of a 
fundamental and a third harmonic that is 8.5 per cent, of the 
fundamental. 

(calculate the total copper loss in each transformer. If the 
low-tcmsion windings had been divided and connected in double Y 
with no connection between their neutral points what would have 
l:)een the copper loss in each transformer under the same load 
condition? 

44 . A3()00-kw., 5000-volt, 60-cycle alternating-current generator 
suppliers power to a 3-phase transmission line through three 
lOOO-kv.-a. transformers which are connected in Y on the low- 
tension and in delta on the high-tension sides. With the low- 
tension winding short-circuited and with 3240 volts at 60 cycles 
impressed on the high-tension side full-load current exists in the 
windings and 7490 watts is supplied. The ratio of transforma- 
tion is 2890 to 66,000 volts. Both the neutral point of the arma- 
ture winding and the neutral point of the low-tension windings 
of the transformers are directly connected to the same bus. 
When the transformers are delivering 2650 kw. at 0.875 power 
factor and with a line voltage of 66,000 volts they become 
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unduly hot. Oscillograph records show that at tliis tinu‘ the 
terminal voltage of each phase of the generator practically (‘on- 
sists of a fundamental and a third harmonic wliicli is 12 |)er 
cent, of the fundamental. 

What is the copper loss in each transformer? If thc^ neutral ^ 
point of the transformer windings is disconnected from the 
ground bus what will be the copper loss in eacli transformer for 
the same load condition? 




